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. Graphical  raprasoatation  of 
disirihution  In  eoiIs  of 
and  iloliado  Coastal  Pine 


Brolcon  Pino  RidEO 


. Graphical  roproaontation  of  porticlo  siza 

dlscribucion.  Uountnin  Pino  Ridgo,  Northern 


SoedlinEs  in  drained  soil  that  rooeivod 


DiTBODUCTIOX 


Paper  for  nevspriat, 
id  induatry  In  any  developing 


of  oducaclon,  science,  aalture, 
However,  eany  developing 


Boat  Inportant  source  of  row  materials  for  paper  and  ebay  are  princi- 
pally produoed  in  the  cold  eona  of  the  northern  hesiisphere  (Table  1>. 

Spruce,  fir,  pine,  and  larch  fora  extenelve  pure  etanda  with  unlnter- 


le  relatively  uneuit 
s generally  adverse 


1 for  raising  agricultural 


Coniccrac  aad  bardaoods  ar«  bflrvasted  /or  pulp  and  paper  production. 
The  ahare  of  hardvoode  aa  raw  oaTorlol  ia  ateadlly  inoreoein^  and  Is 
expected  to  reach  2d%  of  tho  total  consunptlon  by  197S  (Roucaoau 


hardoooda,  better  known  ae  tropical  rain  Toreots. 
bufflidity  la  hieh  throufbout  tho  yoai 
with  trees  ettainlne  60  a in  height. 

and  paper.  The  tropical  rnln  forests 


very  high  number  of  divergent 

)d  by  Pousaeau  (1065)  to  be  0.14  m^/ha  annually  for  the 

Papar-oaklng  from  vegetable  fibers  was  invented  in  China  around 
100  A.D.;  however, the  paper  industry  is  still  not  b 
that  country.  Tba  reason  is  tho  non-accessibility 
This  problem  could  be  largely 
ducticn.  la  analogy  with  several  agricultural  crops  such  as  rubber, 
tea,  quinine,  coffee,  it  is  certainly  possible  to  oultivate  oonifera 

Pinus  radiata  were  in  cultivation  outside  the  Onited  States  and  Usxleo 


with  tbe  highest  acreage  of  conifer  forests 
paper  products  is  highest  in  regions  where 
and  in  countries  with  a well 
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fraction  of  the  raw  materials  is  native  eoftwood,  while  the  rest  comes 
from  rice  straw,  bamboo,  or  imcortad  pulp. 

in  a temperots  and  cold  climate  in  either  the  northern  or  southern 
tropics.  Emceptlons  to  this  rule  are  Pinus  nierkuali.  Indigenous  to 


Plantation  tr 

n (Borneo)  ff 
1 fertility  o 


the  500  B line  (Beatean  1P49).  Attempts  hi 

unsuitable  cliaatlo  condltione. 

Perahu  at  the  same  altitude  (Ferguson  1954).  P.  merbusil  grew  favor- 


elble  pulpwood  iuppllars.  Baobao  boa  boa 
It  apparontly  bamboo  nea 


I eonpltiona 


la  order  to  maba  the  extonaiva  alaoB-alaos  araa  of  Kalloantaa 
produotlae  eaoujh  to  aupport  a pulp  and  popar  loduatry,  a pin*  apeolea 
aboulO  ba  aalectad  that  can  aurvlva  tba  uniform  high  taaperature  of  ao 
aquatorlal  elimate  along  »ltb  the  hlgb  annual  rainfall  and  poor  aolls 

Aaoording  to  obaarvatlona  by  a nunbar  of  authora  (Straacs  IPBB, 
Lamb  1965),  and  taata  oarriad  out  in  aavaral  tropioal  countrlaa,  it 

P.  coribaca,  la  a apaoiaa  that  maota  tbaaa  oonditiona.  Portunataly 
thia  apaeloa  la  not  noa  to  Indonaaia,  Helllnga  fl949)  reported  that 
la  Tabruary  193S  the  Poraat  ftaaaaroh  Inatltuta  In  fiogor  rooalvad  some 
seed  from  British  Booduraa,  and  490  soedlinge  vara  transplanted  in 
the  field  of  ahloh  IB  trees  remained  in  1949.  Tba  trees  bed  straight 


saribaan  can  survive  ai 
located  at  a slightly  bigber  latitude 


the  height  ai 
average  growth  of  the  native  p.  nerlniatl. 

>0.  Those  trials  show  positively  that  P. 
mahe  good  early  growth  in  the  hot  ollmata  o. 
>a.  It  should  be  noted  that  TJikampek  is 


higher  fertility 


RESULTS  OF  TWO  PLAHTATIOy  TRIALS  IN  INDONESIA 
Will!  P.  earltrioa  AS  COJQ>AR£S  WITH  AVERAGE 
GSOWni  OF  F.  Bcrkuell  (ullsr  HellinRS  1S4S] 


Uppei 


sight'  (a) 


REVIBf  OF  LITSMTimS 


Cllmnto 

P.  corlbaop  srcivfl  lu  Central  Anorloa  from  aaa  loyal  tt 
atlan  of  700  Botara,  batvean  12^  and  north  latitude. 

Iona.  Tha  apacias  tolarataa  n vide  rnnsa  of  teaporo 
atvaen  7 and  38  C (Runt  1962). 

Table  7 prasenta  t)ie  diatrlbution  of  rainfall  aver  the  year  in 
he  Atlantic  coaat  aide  of  Central  Aaerlca.  Stationa  1 and  2 <Coroaal 

a indlsanoua,  and  they  vara  included  to  ehow  that  caribaea  re- 
rainfall lower  than  00  bb),  except  in  the  vicinity  of  Beliae  where 
he  Bonthe  of  harch  and  April  are  eonaidered  dry. 

ver,  available  data  ahov  the  temparaturo  to  be  reaarkobly  oonetant 


RoBney  (I960}  claiBed  that  the  overall  cllBate  of  britiab  Konduraa 
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According 


Stoonla 


tropical 


located  between  tbo  tropica  of  Cancer  end  Caprloorn. 

on  the  Thomthweite  T - £ foiwila,  a aean  aiutui 


tbon  climate,  primarily  ooll  factore.  This  applies  particularly 
to  the  areas  ocoupied  by  pines  In  British  Honduras,  whore  they 


Employing  Uoldrldge'a  (1B47)  world  clnselflcatlon  of  life  aonee, 
the  natural  habitat  of  carlbpea  at  low  elevations  could  qualify  as 
"tropical  moist  forest",  and  that  at  altitudes  higher  than  SCO  m ns 
"subtropical  moist  forest"  (Budowahl  1964). 

The  air  humidity  In  British  Honduras,  Honduras  and  Nicaragua, 
particularly  In  the  area  of  the  lowland  pines.  Is  quite  high.  The 
average  annual  relative  humidity  la  Beliae,  British  Banduras  is  66% 

the  average  monthly  atmospheric  humidity  runs  froct  70  to  78%  (Vise 
1956)  nnd  In  Hanngua,  Nicaragua,  It  vorloa  from  70  to  67%  (FAO  19S0) . 

Consistent  winds  blow  from  the  southeast  st  n velooity  of  shout 
10  D.p.h.  In  the  months  of  February  to  Septombor  Csouthoast  trades). 


Irreffular  intervale  of  eevoral 


tropical  revolvlDs 


develop  in  tpo  Caribbean  Sea,  brlnsine  bigh  winds  and  heavy  mine, 
often  deteriorating  into  hurrioonea.  Sooe  of  the  reoorded  hurrioonoe 
are  tboee  of  Septeober  10,  1031;  October  4,  194S;  Eeptomber  7,  1955 
("Janet");  July  15,  1900  ("Abbey");  and  October  31,  1961  ("Hattlo”), 
Windepoeds  of  "Hattie”  reached  150  to  230  n.p.h.  and  caused  wide- 
spread destruction  of  houses  and  other  properties,  including  pine 
foresee  (Wolffscbn  1967). 


plateau  and 


lioestone 


bay  emoreed  trao 


Hoadura£  aro  derived  fro®  Ipiaoua,  netanorpMc,  and  eodlnentnry  roc 
which  reauXt  Ic  a wide  variety  of  propartloa, 

Ower  (1938),  who  atudlod  the  gaolojy  of  British  Eondurae  fro® 
1831-1936,  gave  the  following  chief  roch  fomatloaa: 


Kldgo  sands) 

2.  Old  coastal  alluvium  (Pine  Rids 
formation) 

4.  Rio  Dulce  llnostones  and  marls 

5.  Igneous  rooks  and  Intrualvas 


Uiooene 

Oligocene 

Permo  Carboniferous 


Paleloaolc  age 
phyllites  with  soma  sc 


with  the  igneous  rocks,  compose  the  Hays  massive, 
considered  to  ho  the  oldest,  prosumoBly  of 

undoflnable  fosslle-  They  are  oompoead 
moh  ns  graywaokoa,  Quartaitos,  shales, 

I gneiss.  They  ore  located  along  the 
the  Bays  Uountains,  and  some  isolated 


Intruded  hy  granitic  igneous  re 
granites,  sandstone  of  the  Use) 


tn  voathering  an 


1 erosion  of  the 


underlain 


y limestone,  including  tl 


that  tha  coaetllna  was  ralssd 


In  ssvsral  stages  as  in  British  Honduras, 


It  Is  very  likely  that  ealelficetloa  occurs  1&  the  Korthem  Pine 
Ridge,  becnuse  oi  the  seai-nrid  climate,  tkterisation  is  possible  In 

porecloclng  waters  era  more  said  under  the  influence  at  pine  needles, 
Romney  (lPd9>  grouped  the  pine  soils  ns  Red  Yellow  Podzolic  and 

Hordy  at  al.  (I93d)  gave  descriptions  of  two  soil  types  of  the 
lowland  pines  which  he  listed  os,  <11  old  coastal  alluvial  (Pine  Ridge) 


il  alluvial  (Pina  Rldtrc)  soil.-- Tha  surlocc  s> 


ilrly  hiffh  Co  hleta  <1. 8*4.0%)  and  axhibita  a very  hlgb  C, 

(round  11.5),  Indlcaonf  very  dncomplece  doconpoaltion  o3 

(m)  and  of  avallabla  potaah  aro  oodluffl  (around  100  ppa), 

Cb  a high  C/N  ratio  (around  10),  and  extremely  deficient  li 

The  eubaoll  00*90  cm)  ia  markedly  dlfferant  from  the  aub-Burfaoe 

‘Imaon  on  a yellowleh  or  grey  ground.  It  le  conpoeed  of  compacted, 
irah,  gritty  eand,  contelnlng  aome  kaollnlclo  clay.  Ita  reootloa  le 
iry  highly  acidic. 

Coigtal  alluvial  (Beach)  aoll. — The  aoll  la  entirely  non-oaleareoua, 
id  eonalEta  of  bleached,  grey-vhite,  looao,  coarae  sand,  overlying  a 


doptb}, 


and  the  Imporvidus  ftlay  eubeoil  llBlCd  d< 
doubttul  wlietter  the  deep  cloy  ouBsoll  1; 
in  the  alluvial  area.  The  uoderlylof  ao. 


iO  B travereed  only  oilicloue  si 


ChorocterisDtloQS  oi 


imt  OBS2)  described  the  profile  of  pine  rldga  soli  developed  on 
r rolling  toposrophy  as  follows:  The  topsoil  Is  a shallow  loOBy 

olored  *rey  by  a SBall  oaount  of  huBua,  grodln*  down  Into  a 

rtltlsh  or  yellowlah  sand  of  variable  depth,  often 
about  S5  OB,  The  proportion  of  clay  Increases  Bore  or  less  sharply 
with  depth  and  the  subsoil  is  a very  ooapaot  ochre  or  rod  olny.  The 
lower  layers  are  often  Bottled,  indicating  iBpedod  dralnoge. 
this  "Bottllne"  represents  e flnnl  stnge  In  tbs  disintegration  ol 
gronltie  parent  rook  with  feldspar  phenoorytt  balng  broken  down  1 
grey  clays  and  the  Iron  bearing  Binorala  to  red  clays.  The  eoll 
acid  (pB  S.3-6.3),  defieiant  In  available  n; 
consequently  highly  infertile. 

luokhofl  (19S4)  distinguished  differences  between  pice  wo< 

BOlle  in  the  southern  oosstal  plain,  northern  coastal  plain  an: 
Uountaln  Pine  Ridge. 

In  the  southern  ooestnl  pleln  the  eurfeoe  soils  consist  o 
white  to  groyleh-whlto  sand,  which  Is  enriched  with  organic  me 
The  upper  horlsen  is  highly  pemoable  but  is  not  wore  thnn  16 


4 pbosphorus,  and 


yellowish  sandy 


Ut 


ilil 

iHll 

iil'lis 


30  OB  thick.  It  Ih  underlain  by  poorly  OrDlnod,  light  colored  sandy 
clays  with  red  and  orango  mottllnc.  Below  this  loyer  a hardpon  is 

logging. 


d of  yellow  crumbly  clay  with  more  sand  froctions 


.t  looalltias  and  related  this  to  site  dualities.  Pine  taproots 


eon  penetrote  oa  fleop  no  the  B horlion,  but  Intoral  roet»  are  condned 
to  the  A horizon.  He  obeorvad  that  the  thicker  the  A horizon,  and  the 


found  along  the  creak 


on  flat  topography  and  they  generally  have  good  drainage.  The  aurfoee 
layer  of  ID  to  Ifi  cm  oonaiata  of  dork  brown  loamy  clfty,  gronular  atrue- 
ture,  with  a high  organic  matter  content.  The  reaction  of  the  aurface 

between  15  and  25  cm  zone  la  a reddieh-brovn  cloy  with  a groaulor 

tion  of  Goncretiona,  with  e bloeky  atructure  and  a pH  of  about  5.5  la 
found  between  35  and  60  cm.  Between  €0  and  130  cm,  the  clay  ie  plaatic, 
pale  roddiah-brown,  with  a allghtly  yellowlah  or  brcwnlah  mottling  due 

layer  and  with  a pH  of  approzlmataly  4,5. 


lousy  clay  only 


parent  antorial  Is  partially  daccssposcd  serpentine 
resting  on  relatively  reoect  rock  fonsatlon. 


by  Steveas  (1964) 


oils  derived  troa  ba: 


bard  woods  la  tbe  Uosqaitlo  lowlands  of  Honduras  and  Nicaragua  da 
sillclous  and  gravally  soils,  ofton  oontalnlod  a mottlod  Inporvlous 

The  surface  of  this  soil  Is  lisht  srey,  beooning  darker  uodar 
sialnod  alth  depth.  The  a horizon  is  not  easily  penecmted  b; 

aelbld  C19dB>  observed  layers  of  bluo-freen  slgae  on  the 
the  UosQultio  wet  savannas.  The  slimy  surface  made  t1 
passable. 

Hendleton  ClB4d)  classified  tho  savsnos  soils  from  the  Uosqultlo 


a along  rivers. 


.d  caloareous  materials  ai 


Taylor  (ieS2>  e 
Cham  Podzolic,  3 


color,  Pendleton  (1P45)  and 


In  the  uplnnds  of  Nuevo  Segovia,  Nicsrogua,  P.  carlbneo  grove  on 

■otter  overlying  either  tertiary  voLcanie  rooke  or  rapidly  decompoolng 
granite  and  aebiet  (Denevan  1961).  The  foraer  hae  a gravelly  curface 


often  Blare  fertile  eupportlng  the  broken  ridge  type  of  vegetation. 

with  epnrao  vegetative  oover,  accelerate  the  breakdown  of  aillea  ain- 

aoil.  Furtheroore,  periodic  wildflree  deatroy  the  organic  aaterlale 

The  only  available  onalytleal  data  on  the  chemical  properties  of 
aolla  in  firitleh  Uonduree  are  those  of  Hardy  et  al.  (1936)  given  in 

profiles  can  be  eonaidered  aa  notural  Pine  ridge  soil,  mainly  from 

In  general,  the  pine  ridge  soile  have  the  following  chemical 
properties: 

1.  Highly  aoidlc  in  reaction  with  a range  from  pH  4.0  to  6.0. 

2.  Dark  colored  surface  soil  because  of  the  high  content  of 


nitrogen 


e.  Tbe  C/^  mtio  In  both  topsoil  and  subsoil  Is  lairly  high 

(11.5  to  10  rospoctlvoly).  Indicating  IncoBplots  dsconposltlon 

6,  The  *'svailabla*'  P is  often  bslov  5 ppei. 

SlMione  ct  gl.  (1959),  aany  soil  series  Including  those  where  P. 
carlboea  night  occur  Inoldentolly  were  anolyned  for  their  ehenieal 
properties.  Examples  of  these  soils  are  Poptun  clay  loaa,  Juboco  clay 

The  analytical  data  on  these  soils  are  presented  in  Table  10. 
Johannessen  (1053)  reported  that  the  savanna  soils  from  the 
interior  of  Honduras  were  deficient  in  P. 

Analyses  by  the  University  of  California  of  Parsons'  soil  saaples 

the  following: 

1,  The  soil  is  in  general  acid  (pB  from  5.0  to  6,0). 
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ior  tropical  areas  CJcrmy  1950). 

Classification  o 

Vardlaa  (1999). 

Harold  HitterBascer,  a tcon  of  sorkera  uodar  Hardy,  froo  tbe  Inpsrlal 
Collega  of  Tropical  Agriculture  in  Trinidad,  in  cooperation  with  the 
Brltisb  Honduras  Departaent  of  Agriculture  and  Forestry,  undertcolc  a 

soils  suitable  for  grapefruit  and  banana  crops. 

Bode  a reconnaissance  study  of  the  soils  north  of  tbs  Uaya  Bountains 

Hardy  et  al.  (1935)  made  on  Intensive  analysis  of  the  Bore  Is- 
portnnt  soil  types  for  their  physical  and  chODinal  properties,  and* 
Charter  (1940)  mapped  the  distribution  of  storilo  and  fertile  soils 
from  the  viewpoint  of  tbo  agronomiat.  Much  oaphasls  has  boon  placed 
on  soils  for  crops  suitable  for  export  while  the  potantlBllties  for 
foodcrops  sod  forests  have  been  soaowbst  neglected. 

the  Colonial  Offloe  undertook  a survey  from  14S2  to  1954.  covering  the 


A,  Alluvial  and  Dgtrltnl  Soils. 


(a)  Lavor  Raacbos, 

Cb)  Upper  Raacbaa. 

3,  Detrital  and  Rill-wasb  Soils. 

4.  Old  Coastal  Alluvial  (Pina  Ridge}  Soils. 


6.  Granitic  Soils. 


CalearooUB  Rooks. 


Aocorctine  to  hlo  description  P.  cnriboea  grows  naturally  on  typo 
A-4  (Old  Coostnl  Alluvlnl]  and  on  9-(b),  which  ho  named  Coastal  Allu- 

Chortor  (1940)  eaployod  In  his  olaaslflcotlon  the  iollovlne  catego- 
ries; division,  gronp,  subgroup,  fosos,  suite  and  series  (Table  11). 

It  shows  that  P.  coribaoa  ooours  in  both  flat  and  uplands,  on  inperoe- 

Co,  supplied  by  underlying  layers. 

The  Land  Use  Survey  Teoo  considered  tbe  Pino  ridge  soils  to  bo  in 

In  tho  first  hall  of  the  aequonco  Yellow  Latosollc  soils  are  fomed 
leading  In  tho  following  stages  to  tho  foroatlon  of  Red-Yellow  Podaollc 

1.  Imott^.  Slightly  leached  yellow-brown  or  light  brown 

clays  and  sandy  clays.  Fine  to  noderate  blochy 


clays  of  sandy  clays,  Uoderate  blochy  s' 

In  topsoil,  coarse  blochy  subsoil.  Foint  reddish 

Eorlv  flealnature.  SlBllar  to  H but  reddish  color  la  sul^- 

brovn  clays  and  sandy  clays  with  Bodlun  to  cooree- 
nut  atruoturoa  in  topsoil.  Subsoil  Is  fairly 
sharply  dlfforoatlatod  from  topsoil.  Subsoil 


color  light  reddlob-browo,  voakly  ooctlod 
orange  and  brovo.  Moderately  well  developed 


end  eandy  clay  looBs.  Topaoil  browniah-grey  and 
and  yellowiab-gray  Bottling,  Strong  prlBoatld 


sioblllty  of  tbo  lopfioll 
lands,  fbo  topsoil  a&y  oi 
Survoy  Tona  povs  the  nan« 

The  lend  Uso  Burvoy  Toan  distinguished 


11  sets.  A suite  was  oefined  as  a group  of  soils  derived 
typo  of  parent  material.  It  was  not  clear  on  what  basis 

was  assumed  to  be  tbe  eQulvnlont  of  "soil  type”  as  defined  by  hardy 
ct  al.  (1935)  in  tdiieb  differences  in  texture  are  used  as  a means  of 

they  are  without  exception  unsuitable  for  agricultural  use  because  of 
It  is  likely  that  "pedocole’  occur  in  the  most  northern  part  of  British 
pines  grow  together  with  lino  loving  species.  The  rest  of  the  pine 


dlvitfoa  these  sells  into  7 and  3 cateKorlea  rosiiectlvely,  A compar 
among  the  3 olasaifioatlon  aysto&a  la  hard  to  make  bconuso  of  the  u. 
of  dilforent  teralnology,  deflnlttona.  and  designations.  Bownver, 
most  recent  survey  made  hy  the  Land  Hse  Survey  Teaa  appears  to  be  • 
most  dotailed  and  it  is  the  one  used  by  the  author  in  classifying  » 


The  enrllost  description  on  the  oceurronoe  of  pines  In  the  coastal 
area  of  British  Honduras  «as  from  Uorrls  who  visited  the  colony  in  1S83. 


I. A.  slash,  leading 


Publication 


tb«  former  vae  elaeelfleo  a 

Specfee  ^omiv^  la  iaolated  habltata  and  u 
other  apecies  In  the  sane  envlroamente  develop 
different  aootypee. 

Barrett  and  Colfarl  (1962)  propoaod  the  di 
into  3 aubepeciee  or  varletlea  for  3 eeotypea  { 

faeclole  and  the  attaohment  of  wings  to  the  see 


1-  P.  cnrlbaea  aorolet  var.  caribaea  (tipion) 


Luekhoff  CL9$e)  save  the  following  key  to  distlnguiab  the  varieties, 
which  he  referred  to  ae  "subapeclea". 


roisod  along  radial  linos,  or  raised  along  a distinct  transverse 
keel;  seeds  averaging  sligbtly  voro  than  S ma  long,  wings  articu- 

. . . P.  carlbaea  Uorelot  var.  bohajeensis  (Criseb.)  Barrett  et 
Colfari. 

rarely  2,  resin  ducts  typically  B to  4 C2-71;  cones  generolly  7 t< 
10  CB  long,  apophyses  typically  with  well  defined  transverse  keeli 

B Seedling  bright  green  with  bushy  growth  habit  ond  exhibiting 

nontbs);  eeodlings  and  young  trees 'alow  growing;  seed  wings 


seedlings  and  young  trees  fast  growing;  seod  wings  nrtlculate. 


spociea.  Young  (1940)  raportod  tbot 
this  pine  Itfnhherjl  and  Toeper  1961) 

(Briscoe  1839).  It  Is  likely  that  P 


a Boletus  oould  also  associate  vltb 


ffllebl  «nt«r  Intg  a nycorrhIK&l  assoolatlon  wltb  P 

blsclc  £unffus  dominates  vben  the  soil  moisture  Is  lov,  wlu 
fungus  was  active  in  wet  soils. 

It  is  established  that  ayeorrhlKS  are  acidophilic. 

fertility  CKramer  and  Eoslowshi  I960). 

found  that  NO^  H suppressed  ayecrrhisa  develofmient . The  lower  the  N 
ooatent  of  the  roots,  the  more  myoorrbisal  short  roots.  On  the  other 

Griffiths  (laeS)  reported  from  Ualaya  that  myoorrhisa  developed 
nal  groups  shoving  no  apparent  dichotomy. 


IMat  of  droiiuigo  1C  vlll  b«  replacod  1 


IS  OA  InteraedlBCe  si 
iBpedlBOat.  With  fi 
^ a creolese  eraae  ai 


a abaoaea  of  discurblae 


faultf  baoausa  forasCa,  1 

icus  and  poor  phyaloal  propartlee.  Ibis  leads  somt 
i Beard  <10SB)  ,to  define  eavanna  as  an  edaphlo  cllaax. 

elalaed  that  "fires"  are  loalnly  responsible  for  the  cr« 


OQTtcdlved  that  aavonnaa  ara  antbropofrahatlc.  Even  loil  deterioration 

tlvitiea  lending  to  reaoval  of  forget  cover  (Budowshl  1956). 

The  nuBber  of  apooloe  within  n savanna  la  very  United  because  of 


lowlands  la  not  so  effective  In  Inprovlng  soli  structure  and  fertility 
as  that  of  tempemte  tones  because  of  the  rapid  decomposition  of 
organic  matter,  the  vegetation  types  listed  below  as  adopted  In  clasal- 
flcatlcn  of  vegetation  by  the  British  Bonduras  Land  Use  Survey  Team 
(Aoaney  1859)  are  closely  related  t. 

1.  Broadleaf  foreeta  rich  In  lime  loving  species!  Mahogany 

;rophvlla)  and  aapeto  fAchrns  sspotc  L)  are  the  typical 


Broadleaf  f. 


are  evergreen  aeaeonal  foresta  ooiaposed  of  dociduous  species. 

3.  Trnnaltlooal  broadleaf  forests:  These  forests  have  not  reached 

the  climax  stage;  the  soil  and  vegetation  ahow  slgne  of  Instability. 

The  forest  height  Is  lower  than  the  other  two  types  and  the  osnopy  is 
more  level.  A charsctorlstlo  species  la  the  shrub  loysr  Is  the  black 

4.  Shrub  land  with  pine;  This  Is  s transitional  type  in  lAlch  the 
Pine  Etldge. 


typical  pine 


1.  CobonQ  palm  fOrlJvtrvn 
[ tOT  "mllpas"  beoBuao 


no  Bolls  are  regarded 


physlogaoiaj . P.  carlbaog  falls  la  & vegetatloa  types,  4 groups,  and  7 
variants;  tbey  aro  listed  in  Appoadlr  I, 

Bvronima  crassifolln.  Uany  species  ol  Craalnae.  Cvporaceao.  LeguQinesae, 
savsnnos  In  Gustafflala, 

itiff  leathery  leaves  and  thiah  bark  as  reported  by 
;be  UosqultlB  pine  savannas.  The  ooat  inportant  are 

proDlnent.  The  Cvoaraceae  profer  the  veil  drained  slopes,  especially 
the  niivnehospora  barbote  and  Biilbostvlls  paradoxus.  Anong  the  bunch 

grasses  aro  higher  and  belong  to  different  species,  suoh  as  Arundinella 
deppenae.  Isehaepujn  Intifolium  and  Tripsacum  laxua.  Ihey  are  Ci 


Taylor  (1962>  aiaitnsMis 


bypothO' 


Indians  b 


>t  explain  on  too  hosis  oi  edaphio  differ- 
anonts  of  a xeroptiyfic  broadloavod  forest 
. Poodloton  (1945)  tbouebt  tbey  vore 


"suompos"  (Helblg  1956).  Characteristic  is  the  oocurreoce  of  several 

cgulls.  Tlbouching.  Miconin)  or  fruits  <"liiseat")*  due  to  high  entbocy- 
on  concent,  wbiob  is  considered  as  an  indication  of  nutrltlonel  defi- 
ciencies, lev  pH  and  high  A1  (Blanh  19SS),  Hardwoods  ore  confined 
along  rivers  end  creeks,  whore  the  soil  is  more  noiet  end  fertile, 


British  Honduras  has  s long  history  of  bunnn  Inhabitants.  Accord- 
ing to  Thoapson  (1954),  the  greeter  pert  of  Central  Anerlca  was  Included 
in  tbe  Hays  civillsetien,  which  extended  over  present  British  Honduros, 

Gustcmele  Cexcopt  for  eOBO  portions  along  the  Pacific  const),  all  of  the 
Yucatnn  Peninsula  and  other  ports  of  southern  Ucxico, 

Ictod  by  the  oooieot  Heya  Indians,  and  portlculnrly  the  axon  df  tbe  line- 


il  burning  o. 


^oldnd  for  sottlOBOnt, 


sottlements 


regular,  eeosonal  flooding. 

so  It  was  aoceptod  tbnt  noitber  the  nnolei 

soli  fertility.  It  promotes  ooblllzatlon 
lag  of  sells,  as  widely  practiced  la  DQny  East  Asl 

the  shore  la  the  srea  of  the  Northern  Pine  Ridge.  It  is  hellei 
agriculture,  but  lived  frco  seafoods,  cocoa,  yuca  and  plantain, 

ire  products  of  dry  climates,  ] 


flully  lasd 


findines  0 
Honduru  a 


i Klcarapua  Cdnfirm  tbls  cddclusion. 


brought  dtoat  la  this  i 
Ibd  iBfluoace  ot  1 

lowlands,  wbara  high  a] 


Inhlblta  t: 


Irea  oa  P,  carlbaea  growth  la  very  strlhing.  Dus 

r tsmpsraturea  actually  oncouraga  hardwood  astlls* 
r pins  spsclss  prevail,  tha  low 

wars  ever  apprsciatad  for  agricultural  use.  The  native  Indians  In  the 
vicinity  node  a living  frea  fishing  and  bunting  and  conseuusntly,  made 
little  effort  to  save  tbs  pine  lands  from  fires.  They  burned  regularly 
and  traditionally  to  aid  la  hunting,  to  Improve  gracing,  or  Just  as  a 

Growth 

For  a long  time  It  has  bean  noted  that  the  growth  rate  of  P. 

.e  highest  trees  with  tbs  bast  stem 

a hardpan  CStevonson  1939)  or  thlch- 


RidfO  (Stevenson  It 


started  ae  early  as  193S  In  tba  Sr 
I aocording  to  tba  AnjtLinl  Report  o 


F.A.O.  Ulsslon  at  £ 
with  a DBU  between 

Xlcarngua,  It  runs 


quoted  an  eatlmate  of  anni 
I protected  natural  pine  ai 


anna  in  Nicaragua  and  4 


e distributed  O' 


tbe  TAO  Survey  Toom  und< 
nde  in  Honduras  were  aai« 


n estijaatea  for 


i2;  Lanb  1966). 
‘B  aeleoted 
I SBBie  olinate 


subtropical  countries  outside  Central  America  (Streets  1 
From  data  available,  only  those  from  Guyana  and  Surinam 
for  diacusslon,  because  these  areas  have  approximately  t 
and  soils  as  Haliaantan,  These  countries  are  located  nc 

Guyana  (Vieira  1967)  and  Surinam  (Verstoogb  1966)  that  is  cot  much  1( 


mat  Folicy  In  ISSl.  Up  TO  1$E0, 


CoQsorvnTor  of  foroate,  Ur.  C.  Hunmol, 

about  525,000  ha  warn  Ocolaroo  foreat  roaorvoe. 

Pino  plantlnso  British  Honduras  started  in  1941  (Stevonson  1942) 

such  as  lach  of  BTOorrhtsae  and  some  Insect  attacks  in  nurseries,  which 
were  finally  overcome.  In  1947,  plantlnea  wore  expanded  to  the  area  of 
the  pine  savannas,  where  new  problems  were  encountered.  These  ware 
chiefly  related  to  Low  fertility  and  hifh  ground  wator  table  for  extended 
periods  of  time  (Lamb  1945).  These  problems  were  solved  by  applyinh 

potted  soedlicds  in  areas  wbero  weed  growth  was  a problem.  The  savanna 
grasslands  was  planted  with  2 month  old  seedlinES.  The  seedlings 
established  themselves  sncoossfully  provldod  they  wore  planted  in  the 


tho  Premier  1P64).  Jeek  Dawmlo,  a eeo 
foreetry  methods  were  aol  prefiteble  o 


e keport"  COfllco  ol 


•tten  report  that  traditional 
1 therefore  spondins  on  forestry 


should  be  drastically  ci 
Honduras,  with  very  11m; 


Ho  reported  tl 
id  financial  resi 


e pointed  oi 


mid  limit  Its  activities  ti 

ireas  from  wildfires.  It  was  aimed  that 
Ld  Improve  by  protection  of  natural  regenei 
1 fire.  The  Uountaln  Pine  aidgo  forests  wore  controlled  on  a 
yield  basis,  with  a timber  produoing  rotation  of  40  years. 


possibly 

nansgemont  and  erosion  ool 
stocking  of  pine  foreeta  v 


Utilisation 

Honduran  pine,  Included  In  the  yellow  pine  group  Cloock  1P501  end 
classified  oe  pitch  pine,  yields  a fairly  heavy  timber  Cn.g.  0.66-0.80 
at  16ft  moisture  content).  Its  wood  properties  and  uses  warn  excellently 
reviewed  by  Longvood  <1662) . 

The  annual  volume  of  P.  earlbaoa  timber  exploited  In  British 

than  half  has  been  exported  (Anonymous  1962).  The  offlclel  figures  on 
timber  exports  from  British  Rondures  are  given  In  Table  13.  Pine  forests 
cover  1,000,000  ha  (Lookley  1964)  In  Honduras  and  make  up  the  bulk  of 


Xieoragua  Is  slso  inpsrtsnt  (Tobls  IS). 

Llk«  slash  pins  In  Florida,  also  rssln  oj 
plDO  trass,  n^s  propsrtlos  and  aoaposltlon  o; 

opsrallon  was  Installed  In  Puerto  Caboaas,  Klcarafua,  In  IPM.nnd  the  tur* 

years  because  of  a shortage  of  ran  materials. 

Uore  recently,  the  feasibility  of  P.  carlbaea  var.  hendurensls  as 


a source  of  pulpveed 

Establishment  of 
appeared  unfavorable 


.e  pine  forests  la  assigned  to  supply  legs  to  33 

only  ia%  of  the  groviag  stock  is  avails- 
n eventual  paper  industry.  Ihis  is  not  adequate  vood 
1 designed  to  produce  a minimum  of  100,000  ton/year. 


at  number  of  the  planted 


EXPORTS  OF  BOSIN  AND  TUnFEKTIKE  FSOU  HOSDilKAS  19S7-19SS 


P.  carlbQoa  bas  beea  tested  tor  Its  pulping  quality  by  the  Forest 
Product  Lsborstory  in  Wisconsin,  using  sauples  from  British  Honduras 
(Schafer  and  Chldester  1961),  The  findings  Indicated  that  sulfate 
pulping  produocd  hraft  pulp  as  good  as  slash  plno.  For  shite  paper 


>r  newsprint. 


8 Southern  pines;  g 


African  Pulp  and  Paper  Industries 
trees  plantsd  in  South  Africa  gave 
Ines  sns  unsuitable  for  cbeBloal 


pulp  (Luckboff  1964), 

Recently,  pulping  properties  of  P.  carlhaea  sere  examined  In  the 
Tropical  Products  Laborntory,  Hinlatry  of  Overseaa  Developmont,  London, 
by  0 team  directed  by  Cblttendan  ot  ol,  (1667),  It  turned  out  that  the 
sample  ol  P-  carlhaea  from  Fiji  had  better  pulping  quslltlee  Ihnn  a 
sample  from  the  Hountain  Pina  Ridge  in  British  Honduras. 


tUIEKULS 


1.  Studiee  on  noli  properties  and  tree  g^rovth  in  Britlah  Honduras, 


Tield  samples  for  tno  InvestlBdllen  vara  taken  from  14 
Three  phTelOBrapblc  units  ware  diatlnBulahad  in  the  mail 


3.  Belinda  Cooatel  Pine  Ridfe  (non 
Cursory  examinations  were  also  mad« 

Throe  site  duality  ratings 


L stands!. 

1 two  other  Pina  ridges. 


nonsuring  troo  growth  rate,  thJ 


e objective  method  of 
y OSS  neoessnrily 


height  (CBS) 


ir  MDUcda  (Pronuxn),  taken 


soil  froD  the  Ceastal  Pine  Bidffe 
a depth  at  30  an,  «aa  collected 


quality  site,  was  shipped  to  Oalnesvllle,  Florida  fi 
house  exparleent. 

Bsonts  forwarded  the  soil  to  Golcesville  after  fuBlsstloa, 

(196$},  uBlcq  the  dry  welFbts  of  the  core  saaples. 

pass  through  a S ana  alunlnuia  sieve,  and  stared  la  open  paper  bags  where 
dures  desorlbed  by  Blake  C19€Sa)< 

partlole  density  (PD)  and  bulk  density  (&D>  of  soil  aateriel  as  follows: 
P (»)  . ~ °°  X 100 


pressure , Vllticg 


Clay  ninerala  wars  Identified  by  DTA,  uelb^  the  Deltathem  DTA 

the  basis  of  the  location  of  the  endo-  and  exo-therBlc  peahs  culded  by 
data  oooplled  by  Jeokeon  (18Sd).  The  relative  distribution  of  the 
various  minerals  vaa  aeBOssed  by  calculation  of  the  peak  areas. 

Soil  used  in  the  sreenbouse  exporlmonts  vas  also  analyned  by  X-ray 
diffraction  using  the  method  doscrlbed  by  Whittig  (19SS).  .X-ray  dif- 


Clieplcal  anxilvsis, — The  lollowinB  obonical  propartloa 
British  Honduras  plno  rldga  soils  wore  noosurod:  hydrogoa 
trotlon  (pK);  cation  oxcbangs  capacity  <C£C);  total  H;  and 


were  EDOde  in  suspansions  vith  distilled  water  and  v: 

BOilisolutloo  ration  of  1:2  ia  both  instanoea. 

Catioa-exenaage  oapaoity  (CBCl  was  determined  by  XE^-  s: 

CCbapnan  19B5).  Exchangeable  bases  were  leached  under  suction  with  a 

A modified  mscro-HJoldahl  (A.O.A.C.  1945)  was  employed  in  the  deter- 

For  the  determination  of  extractable  nutrients,  S-g  soil  eamples 
were  extracted  with  25  ml  of  HH^^c  solution,  buffered  at  pH  4,8, 

molybdenum  blue  method  as  outlined  by  dschson  (1958),  using  the  Bausch 
and  Lomb  Speotronlo  20  Colorimeter.  Extractable  K was  measured  by 
flame  emission  with  the  fieclcBan  Model  B Flame  Bpectrophotomater,  uaidg 

instrument  wne  else  used  for  determinations  of  exiraetnblo  Ca  at  wave- 
leagth  622  mu,  and  Ha  at  wavelongtb  589  mu. 

The  Bechman  Hodol  DO  Flame  Spectrophotometer  was  us< 


Che  Model  303  Perkin-Blmor  Atomic  Absorption  Spectropbotcffieter  at  wave- 

Ihe  Britiah  Eondaros  Eoreatrp  Dapartmanc  koepa  an  Intensive  record 

Au^stln).  Permission  was  panted  to  suamariae  records  on  rainfall 
of  A^loultgro. 

Blaier,  E.  J.  Bseistsd  in  coaputatlon  of  the  water  balance  for  several 


Coastal  Pine  hidsa.  Crying,  transportation  by  air,  and  fumigation  by 
USPA  Plsnt  Quarantine  Station  were  assumed  to  have  no  sigalflcant  effect 
on  soil  physioal  and  chenioal  properties.  On  errivol  1' 
the  soil  was  again  dried,  sieved,  and  thoroughly  mixed. 


Tba  »oll  vas  voigbed  into  S6  plnatlc  poti 

were  filled  with  elnaa  wool,  allowing  froo  ao' 
venting  lose  of  soil.  Snnplea  of  the  noil  wei 

noil  samples  wore  tahon  ogoin  from  each  pot,  i 
Physloal  and  chamioal  analyses  wore  oarried  oi 
ing  the  methods  described  for  profile  aomplea. 

Plant  Material 


oharactorian- 


Shortly  b< 


these  samples  follow- 


in  tho  refrigerator  for  eli 

tlty  of  seed  available. 

Seeds  were  Initially  e 
was  poor.  It  was  decided  tc 
moisteaed  cheeseolotb.  Twe 

of  distilled  water,  Some  1 


if  British  Honduras  wi 


luse  germination 


8 itecosBory  to  replace 


Trontnonts 

The  flxporimont  was  let 

tion  forests  In  the  lotfXand  pine  ridge  hoeouse  o 
during  prolonged  poriode  and  deficiencies  of  cer 


up  as  a split-plot  foctorlel,  ropllceted  li 
laid.  The  biggest  silvicultural  problen  in 


the  pots  were  assigned 
e Inserted  in  larger 


saturated  pots  was  kept 


red  shortly  before  subplot  ti 


seedlings 


cautiously  separated  fresa 


syszem.  The  seedllDgs  wez4  separated  in 
in  Individual  base.  The  sanpLes  were  dr 
Sstiototions  of  Bycorrhisee  developnent  w 
blnoeular  Bicroscope. 


ind  placed 
id  weiffhed. 


Dried  plant  sonples  Tor  elenental  analysis  wore  ground  in  a stain- 
less steel  Wiley  Hill,  ueing  a hO-mesb  screen,  mixed,  and  stored  in 

Xa  in  plants  wore  slnilor  to  those  described  for  soils. 

Concentrations  of  Cu,  Fe  and  Zn  of  tops  were  determined  with  the 

of  3,250;  2, 493;  and  2,140  A°,  respectively. 


DISCUSSION 


Tba  s^noral  appoaroaco  and  visor  o3 
oators  for  evaloatins  Pbo  suiiapillty  o] 
growth.  Croo  (19SS)  used  this  crlterloT 
forests  of  southern  British  Honduras  ini 
related  to  declining  site  quality. 

1.  Broken  Pine  Ridge  covering 

2.  Dense  pine  woodland  covering 

3.  UediiSD  dense  pine  woodland 

4.  Sparse  pine  woodland  oovering 


. particolar  soil  for  tree 


ho  best  quality  pines  with  tall  fast  growing  trees  of 
soil  is  oonsidered  as  the  best  pine  ridge  soil, 
se  pine  natural  rogonoration  develops  on  well  drained 
s generally  with  on  open  grass  covered  f 
to  productive  pine  forests  oould  be  perforaed  by 


providing 


Tbe  sparafi  pine  woodlands  and 

down  into  badly  drained  savannas,  w 
that  Pina  trees  are  practically  absont,  ] 


t of  poorly  stocked 


physiognomical  units,  roaulting  in  different  viger  in  growth.  Therefore, 
within  each  physiognomical  unit  Savanna  Pine  Ridge  Cnatural  stand  and 
plantation).  Broken  Pine  Sidge  (plantation),  and  Uellnda  Coastal  Pine 
Ridge  (natural  stand),  three  classes  are  distinguished:  medium,  high, 

and  low.  One  profile  was  dug  and  sampled  within  each  apparent  site 
class.  It  was  nearly  impossible  to  determine  the  exact  age  of  natural 

sites.  Choice  of  profile  pit  sites  was  therefore  based  on  rather  sub- 
jective methods,  taking  into  consideration  impression  on  donsity  of 


Hot  topography.  High  water 


with  low  prohueing  sites.  The  prevalence  of  inpoeed  drainage  could 

glnous  Bottling  in  the  profile  tending  to  fora  iron  concretions. 
Blade  Bottliags,  foalllor  to  those  in  rice  poddy  soil  profiles, were 
not  observed,  probably  because  ef  low  soil  Hn  contents.  Silica,  re 
and  cloy  were  apparently  the  aost  iuportant  cOBontlng  agents  in  the 


Level  tepography  was  nalnly  responsible  for  unfavorable  external 
drainage.  It  wae  noted  during  the  survey  that  a rain  lasting  for  1 

(Figure  4>,  Since  9 of  the  12  oonths  were  wet,  a high  water  table 
prevailed  moat  ef  the  time  oa  auch  soils.  Tree  growth  was  adversely 

fleeted  in  shallow  root  systene. 


Fourteen  sites  ware  sanpled  by  digging  profile  pits  (Table  18). 
Howevor,  in  the  coastal  lowland  it  was  isposslble  to  dig  profile  pits 

ssspling  psriod.  All  profiles  shewed  distinct  horison  differentiation. 

Btivaly  reosnt  aarine  or  river  alluvial  origin.  Those  in  the  Mountain 
Pine  Ridge  were  residual  and  were  derived  in  situ  from  the  underlying 


pine  vegetation  in  British  Honduras  appeared 


gfploBieal  units,  roflecting  soil  site  qualities  in  doollning  order, 
nanely;  Co)  forest,  (b)  woodland,  and  (e)  scrub,  Vsins  Hoyllssrs' 
C1963)  definitions  for  these  terms,  poor  stands  in  the  Savanna  Pine 
Ridge  and  Melinda  Coastal  Pine  Ridge  with  trees  averaging  loss  than  9 a 
tall  should  be  classified  as  scrub,  The  Northern  Pine  Ridge  and  best 
Bites  of  Che  Savanna  Pine  Ridge  and  Melinda  Coastal  Pine  Ridge  where 
trees  apparently  attain  a height  of  6 to  15  n ore  woodlands.  Only  the 
pine  stands  in  the  Brohen  Pine  Ridge  and  Mountain  Pine  Ridge  deserve 


C7tb  Approalmation). 

Savanna  Pine  Ridgi 
Srohen  Pine  Ridge 
Melinda  Coastal  P; 

Northern  Pine  Ridge 


P,  caribooa  in  the  different  pine  ridges 
ibould  be  classified  in  different  Soil  Orders 

: British  Bondures: 

Ultlsols 

Ridge  Entlsols,  Ultlsols 

Ultlsols 
Alfl sols 


are  given  in  Appendix  II. 

The  P layer  is  typically  missing  in  al] 

Savanna_Psne_Rldg^  (Profile  1 - VI). —d 
acid.  The  underlying  layer  is  also  sandy,  I 


orgonld  mntorials  under  the 

iw  humus  and  is  very  strongly 
it  less  darh,  probably  due 


o leacAlne.  Structura  a 


also  chnosod  wltb  doptb, 


oraitgo  and  rod  motnllng,  ooCDsionslly 
Igns  of  inpodcd  drainage  conditions. 

s reduoed  and  accumulated  in  deeper 
h depth.  The  soil  structure 
m granular  to  angular  blochy  and  prlsmatlo 


ohorncterlstles  of  a clay  pan.  Depth  of  this 
the  range  of  fluctuation  of  the  water  table  an 


thus  rooting  space. 


A slight  elevation  In  topography  men: 

trees  ere  observed  to  grow  better.  . 
the  same  effect  but  would  probably  n 
of  the  highest  raicfall  because  of  t 
On  the  poorly  drained  altas,  tr 
■oaxlnum  DSH  outside  bark  of  10  on;  o 
height  and  IG  cn  DBH  within  10  yeara 


18  a corresponding  loworlng  of  votei 

. good  drainage  eysten  would  have 
,t  be  affective  during  the  months 

<Table  IG.  Figures  G,  6 and  7). 
rhere  the  B layer  la  at  least  daepoi 


le  Bldgs  (Profile  VII  - IX) .--Judging  from  the  size  and 
much  better  than  In  the  Savanna  Pine  Bidge,  The  surfoee 
charaoter  of  the  humus.  Uoveaeat  of  Fo  ie  therefore  limited  but 


Mtfllnda  Coajtol  Ping  fildgfc  (Profile  EC  ' Xn).--Tr«e»  in  Ibis  forna- 

Savanna  Pina  Pidsa.  Aa  tbe  olimnta  (rainfall  and  tanparaturaj  in  tha 
two  areas  do  not  differ  ffreatly,  differencaa  In  tree  ffrooth  moat  be  due 


alluvial  materials  oriffinatlnx 


veatherlQg  products 


wstsr  and  air  Bove  Buch  oasiar  than  in  the  Savanna  Pine  Ridge,  liie 
liBltlng  factor  for  grovtn  Is  the  external  drainage  particular  to  sites 
vith  flat  relief,  UoveBent  of  ecil  separatee  froB  the  aurfoco  soil 
downward  results  in  clogging  of  pores  and  formation  of  massive  layers 
in  the  subsoil.  On  the  good  sites  these  layers  are  deeper  than  60  csi 
and  trees  attain  a height  of  13  m and  a DSB'  of  17  cm.  On  the  low  pro- 
ductivity altos,  the  maximum  height  of  trees  was  5 & with  a OBR  of  11  cm 
(Table  18),  These  sites  wsre  sssocisted  with  a concave  topography  and, 

of  soils  freet  this  area,  particularly  from  hilltopa,  are  poor.  Pines 

Apparently  soil  structure  and  consistence  do  not  greatly  iafluonce  growth 
of  pines  in  the  Mountain  Pine  Ridge.  On  the  other  bend,  one  might  aecribe 
the  good  tree  growth  of  the  area  to  higher  elevation  nnd  correspondently 


because  pine  growth  is  also  good  in  tho  Broken  Pino  Rldgo  with  a 
tropical  lowland  cliisato. 

profile  are  beneficial  to  the  growth  of  pinea  in  the  Uountain  Pine 
Ridge  (Figure  6).  Soil  physioal  oonditions  ore  probably  better  for 
tree  growth  than  might  bo  conoluded  from  a mochanicol  analysia  in  the 
laboratory,  os  pebbles  aod  gravel  are  largely  ignored  in  this  determi- 
nation of  texture.  Pebbles  and  gravel  may  aetunlly  contribute  to  good 

admittedly  not  one  of  the  best  of  tbe  region,  trees  attained  a height 
of  15  m ohd  a DBH  of  SO  om  (Table  18).  This  was  much  greater  than  trees 
In  the  Savanaa  Pine  Ridge,  despite  the  oalculnted  clay  aoatent  of  35- 
40%  In  the  topsoil  of  the  former.  Lower  valuea  for  clay  content  would 
result  If  pebbles  and  gravels  were  included  in  the  snalyses. 

Die  variation  in  growth  between  tbe  different  sites  within  tbe 
Mountain  Pine  Sidgo  is  probably  related  to  slope.  Sites  with  an  exces- 
sive relief  show  a rapid  to  very  rapid  run  off  and  more  erosion  than 
areaa  with  leas  slope.  Pines  appear  to  grow  better  in  the  valleys, 
er  banks  and  level  lands  (Figure  S>. . 


Northorn  Pine  Ridge  (Profile  XIV). --Soil  fertility  in  the  Northern 
Pine  Ridge  is  likely  to  ba  higher  than  id  the  other  pine  lands,  Itila 
noncluslon  is  based  on  tho  feet  that  seclioas  of  tbe  Northern  Pine  Ridge 
ore  used  for  shifting  cultivetion,  a practice  usually  confined  to  the 
bettor  soils.  The  number  of  natural  plont  species  growing  within  eho 
plant  community  la  higher  than  in  other  pine  localities.  Cnlcipbilic 
species  grow  here  together  with  pine,  whlob  Indieotes  that  Ca  and  oon- 
aequently  pE  and  CEC  are  somewhat  higher  than  in  soils  under  the  other 


plDO  rids«<*  Beeauao  of 

bolonfflns  to  the  lOEtino  fenlly, 
striking.  Zt  ie  to  bo  expected 
Legiuoinosao, 

Hie  growth  of  young  pine  In  this  area  la  fast.  Treee  uede  partic- 
ularly good  hoight  growth  on  the  reoeotly  burned  mllpaa.  Unfortuaately 

aotiona  and  heavy  ccnpetl- 
tlon  from  nsaoelated  species,  if  they  sere  not  soDewhat  fire  tolerant 
and  fast  growing  C?ig.  9), 

climate.  Above  the  lg°  N latitude,  pines  do  not  grow  naturally,  be- 
cause tho  climate  becomes  too  arid  for  this  species. 

the  surface  soil  was  generally  low 
different  phyalognomies  were  noted. 
10  Itldge,  and  Uellnda  Coastal  Pine 


Sell  reaetlon  (pH), — The  pH 
Ridge  had  the  lowest  jiB  values  ol 


:,  respectively.  The  S' 


Ridge  was  Intemedlate  <pB 
was  the  highest  (pH  B.94)  o 
Che  whole  profile  ranged  fr 
Those  low  pH  values  were  mo 
forming  natarlals.  An  Inte 


I strongly  acid  to  v 
: likely  the  result 


Is,  with  averages 

ha  soil  reaction  ol 
ry  strongly  acid. 


s British  Honduras,  vhoroupon  tl 


sites  on  the  soil  colloid  becomes  largely  occupied  by 
mstorlals  trnnsportod  from  th' 
betveSQ  pH  H2O  and  pH  KCl  vns  sllebt. 


(Lucbhoff  1660.  The  difference 
ilcb  ves  oc  indioaclon  tbet  ex- 


e probably  occupied 


celcereouB  sedlnentB  aro  probably  responsible  for 


pH  of 

This  is  probably  the  effect  of  organic 
position  of  needles.  In  the  Broken  Pin 

to  decline  vith  depth. 

The  good  grovth  of  pines  in  many  seci 
is  apparently  an  indirect  affect  of  pH,  s3 
of  P and  the  bases  Is  associated  with  tho 
The  effect  of  soil  acidity  on  grovth 


in  that  of  the  underlying  layers, 
icids  resulting  from  the  decom- 
I Ridge  and  Northern  Pice  Ridge 

since  increased  availability 
lO  higher  pH, 


e lov  pH,  pines  dominate 
cor  conditions  of  tho  pine 


ir  sen«ratlan  o: 


of  genertkcioa  > 

predicted  that  In  the  long  run  solle  o: 

vere  deteriorating  In  sooo  aectlcne.  I 
ohservation  of  the  acid  clay  depoalts  ( 


rlbaea,  which  were  pemanently 
aturo  and  can.  Charter  (1940) 

auBpeoted  that  pine  ridge  eolla 
B baaed  this  ooneluslon  on  bis 


and  fertilization. 

No  concluaion  can  be  drawn  froia  thia  dc 
optiaua  pH  within  a particular  physiognomic 
are  relatively  small  and  often  erratic  amon« 
data  BUggeet  thnt  a pH  range  from  about  4.0 

Qrcanlc  matter, — It 


grow  successfully,  i 


alt.  Differences  in  pH 
the  sites,  Ihe  collected 


resembles  the  mul' 
stimulate  growth  < 

pine  growth  as  demonstrated  t 


ne  stands  resembles  mor-type  himus 
d community  of  the  Brolcen  Pine  Rldg 
humus  is  typically  acid  and  does  ac 
le  mull  humus  mlnerelimee  faster,  h 
1D64),  and  consequently  b 
the  Broken  Pine  Bidge. 


r content  o 


temperature  of  the  fountain  Pine  Hldge  may  b( 

It  appeara  that  soils  of  high  producing 
Ridge  have  a higher  organic 


tivlty,  rtiloh  la  probably  tbe  effect  of  a s«ator  production  ol  Uttar 
on  tbo  relatively  better  soil  (Table  19),  The  loe  producing  eltoa  ore 
also  Bora  open,  a condition  that  speeda  up  deconposltlon  ol  organic 


The  dlllerenoos  ol  o: 
within  the  Uollnda  Coasts' 
slight.  Organic  batter  li 


.no  Ridge  and  Broken  Bine  Ridge  arc 


change  is  oltea  very  abrupt  (Table  19), 
Xltroaen  and  C/R  ratio. -*-The  total 


content  a 


appears  lavorable  i. 
layers  ol  these  troploal  soils  are  not  lower  than  i 
standards  lor  Conlfarae  plantations  eat  by  Wilde  ( 
the  only  comparative  standards  svsilable. 

nitrogen  in  the  horizon  is  always  higher  tl 


soil  lertillty 


4%  on  the  aversge,  while 
.e  Ridge,  particularly  on 


n the  Broken  Bine 


was  fairly  high,  with  0. 

Ridge  It  averaged  only  0 

These  algae  nay  be  capable  ol  non-eymblotlo  H fixation.  A soil  malsturo 
content  which  ohly  fluctuates  within  narrow  ranges,  In  coablnstlon  with 
a high  aoll  Ns  content,  provide  optlmuiB  condltlone  for  these  algae. 

Algae  were  also  observed  by  Kolblg  (1959)  on  soils  of  ebe  wet  pine 

Yet  the  high  N content  In  savanna  soils  is  not  rsflacted  In  good 
growth  of  pine.  The  Broken  Pine  Ridge,  wbioh  hoe  a lower  content  ol 

Is  likely  that  the  greater  part  o 
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I Qvoilable  for  plant  growth.  Under  the  prevalent 
ph  and  waterlogging,  alnornllaation  of  orgonio  nal 


Id  abowa  that  within  tbo  Savanna  Pine  Sidge  and  Broken  Pine 
.a  of  high  producing  aitea  contained  more  N than  low  ones, 
lO  Melinda  Coastal  Pina  Bidg#  a total  N - growth  relationship 


C/V  ratios  oalculated  for  surface  soils  in  the  Savanna  Pine  Ridge 
ware  all  below  15,  which  night  be  attributable  to  the  N contribution  of 
bluo-groon  nlgae.  Soils  of  the  Broken  Pine  Ridge,  supporting  higher 
producing  stands,  had  C/H  ratios  of  about  the  sane  range,  hut  In  contrast 
to  the  savanna  soils,  thsy  are  bore  probably  the  result  of  a reasonably 

tha  C/a  ratios  of  surfaoe  soils  in  the  Melinda  Coastal  Pine  Ridge, 
Mountain  Pine  Ridge  end  Northern  Pine  Ridge  are  all  higher  than  the 
critical  level  of  15  ns  proposed  by  Rroadhent  (1957),  which  is  no 
indication  of  a low  rate  of  nineralinntion  of  organic  natter.  In 

quenoe  of  sandy  surfaoe  horlsons,  by  denitrification  particularly  in 
waterlogged  sites  and  by  fires,  processes  affecting  C/H  ratios. 

Total  and  extrsetable  P. — Analysle  of  surfaca  soils  for  total  P 
gave  values  ranging  fron  47  to  54  ppm  in  the  Ravanna  Pine  Ridge,  55  to 
115  ppm  in  tbe  Broken  Pine  Ridge,  56  to  79  ppa  in  the  Melinda  Coastal 
Pins  Ridgs,  37  ppo  in  tbe  Mountain  Pine  Ridge,  and  68  ppo  in  tbe 
Northern  Pina  Ridge  (Table  19).  More  than  half  of  the  sacpled  sites 


e critical  levt 


o P)  f 


19C6).  Only  tbree  si 
(VII,  X uml  XI),  they 

soils  uador  pines,  or 
sedloencary  rocks  tbc 


show  dsoellent  growth.  These  low  figures  night 
e sells  of  British  Honduras,  particularly  the 
weathering  products  of  Igneous,  netcnaorphle  end 
are  poor  In  phosphates  (Rotoney  1959}.  Apatite, 

n British  Honduras. 


eralltable  organic  naterials. 


e 19). 


I . Hardy  ot  al . (1935) 
Uellnda  Coastol  Pine 
O.OIS  HjSO^  (Tmog 


extracted  P fres  aosiples  of  four  profiles  it 
Hldge  and  of  one  in  the  Northern  Pine  Bldge 
solution)  and  found  then  to  contain  about  the  saoie  amount  of  P as 

la  all  profiles  the  amount  of  oxtractable  P dacressed  with  depth. 

Of  all  the  soils  analysed,  soils  of  the  Broken  Pino  Bldge  had  on 
the  overage  the  largest  amounts  of  total  and  available  P (Profile  VIII 

OUB  soil  fauna  population.  Beconpoaltlon  of  litter 


cycllne 


proceeds 


rapidly 


eoapletoly 


Retractable 
lationshlp  oxlata 


the  growth  of  pines  was  apparently  related  to  the 
d extrootablo  P. 

. — This  study  reveals  that  an  apparent  inverse  re- 
t Savanna  Pine  Ridge  with  the  highest  mean  annual 


<1963)  showed  Che  presence  of  these  minerals  in  clay  asaples  tohec  from 
rivers  in  British  Honduras. 

No  data  are  available  about  the  K requirement  of  P.  caribaea. 

The  minimum  fertility  standard  set  by  Wilde  (1966)  assigned  fer  Jach 
pine  <P.  banhslanal  was  around  60  hg  K per  ha  in  the  upper  IS  cm  layer. 


30). 


Duta  In  Tablo  19  suggest  a positive  relstionsblp  between  soil 
extractable  K and  tree  growth. 

Extractable  Ca . — Extractable  Ca  in  the  pine  ridge  soils  varied 


The  Melinda  Coastal  Pine  Ridge  had  an  average 
1S4  ppm.  As  exi>ected,  the  Korthem  Pine  Ridge 


Mountain  Pine  Ridge, 
ad  an  average  of 


Is  Interesting  that 


of  the  is  233  piai.  This  finding  supports  Charter's 

the  underlying  calcareous  sediment.  Data  in  Table  19  also  suggest  a 
relationship  between  rainfall  and  distribution  of  Ca  in  tbe  soil. 
However,  no  relationsbip  could  be  found  between  axtraotable  Ca  and 

There  are  no  standards  by  which  to  yudge  whether  the  Ca  status  of 

nautioD.  For  ea»mple,  line,  in 
temperature,  encouragea  microbial  activity  leading  to  accelerated  de- 
compoaition  and  mineraliaation  of  organic  matter.  Not  all  tropical 


0 tropics.  Transfer 


eoils  respond  to  applications  of  limestone.  Nonetheless, 


quallflad 


Extrjctabla  Mg.— Rcaulta  o 
buffered  at  pH  4.8  spew  that  all  profiles,  exaept 
Pine  Kidse  and  Nortbera  Pine  Ridge,  have  less  thai 
surface  soil,  thus  falling  In  the  extremely 
Hardy  at  al.  (1838)  analyzed  for  Hg  In 


.ov  class  (dchroo  1963). 
(ome  brltlsh  Honduras  soils 
derived  fxm  granites  are 

.ent  of  subeoll  In  the 


richer  In  Ug  than  soils  derived  from  sandy  o 
probably  explains  the  relatively  high  Ug  con 
Mountain  Pine  Ridge,  Limestone  underlying  t 
Mg  source  in  the  horthem  Pine  Ridge. 

There  are  indications  that  rate  of  growth  of  pines  la  related 
with  the  amount  of  extractable  Ug  in  the  surface  soil  (Table  19). 

There  was  nc  unanimity  among  research  worhers  with  regard  to  the 
g in  soils  for  plant  growth, 
r limit  at  only  10  ppm.  Investigations 
r guideline,  After  a study  of  5-year-old 


Kraus  (1964)  set  the 
of  Coor  (1965)  provide  a 


P.  elliottll  In  Brazil  he  same 
mg/lOO  g soil  (approximately  10 


a the  conclusion  that  optimum  growth 
exchangeable  Co  plus  Ug  totaled  1,0 
ag  Ca  V 6 mg  Ug/100  g).  Conditions  i> 


optimum  growth  in  relation  to  Ug  supply  ore  thus  ; 
ridge  soils  in  British  Honduras. 


avQ rages: 


a ridge  ranged  ti 


e following 


a)  Savanim  Pine  Bldgs  aolle 

b)  Uolinda  Coastal  Fine  Bldgs  soils 
e>  Broken  Pins  Ridgs  soils 

e)  Borthsrn  Pine  Ridgs  soils 


The  souses  of  No  in  the  British  Honduran  soils  la  most  likely 
the  ninssals  of  tbs  parent  rocks,  snob  as  feldspars.  Salt  nay  have 
intruded  In  the  lovland  pine  savannas  during  burrloanos,  but  Mo  is 
loosely  held  on  the  skohonge  complex  ond  is  easily  replaoed  by  other 
oatlone.  Porhops  it  is  for  these  reesoos  that  residual  soils  of  the 
Mountain  Pise  Ridge  and  the  Broken  Pine  Ridge  ere  higher  in  Ns  than 
the  alluvial  soils  that  are  closer  to  the  sen. 

The  pine  sevannaa  in  south  British  Honduras  ore  of  recent  origin. 
They  were  probably  covered  by  aoajiip  and  marsh  vegetation,  saturated 
vlth  sea  water,  and  gradually  filled  by  marine  ellnvls.  They  probably 
originated  in  much  the  some  fashion  as  the  coastal  plains  in  Guyana 

Sodium  is  not  considered  esaeotial  for  most  plants,  therefore  a 
lover  critical  limit  has  not  been  set  for  plant  grovth.  It  may  have 
an  indirect  Iwneflcial  effect  to  the  growth  of  P-  caribaea  by  substi- 
tuting for  a part  of  the  requirement  for  K,  when  this  latter  element 
is  deficient  (Hevttt  19S3}  . Chemical  analysis  revealed  that  large 
quoatitioe  of  Me  are  accumulated  in  the  needles  of  P.  caribaea 
<Table  ao>.  Sodium  possibly  helps  reduce  soil  acidity  so  that  the 
enviroament  is  maintained  suitable  for  piae  grovth  despite  the  high  A1 


ANALYSIS  or  P.  enrlbaoa  NEEDLES  TAKEN  FROM 
TSEES  IK  THE  VICINITY  OF  SOU.  PROFILE  FITS 


Soil  No  may  also  eacrt  important  uodoairablo  eXfeota 
SrowtO  tbroueb  odverso  modification 
ndoquato  avldanco  to  au{ 
the  Pino  ridgo  am  mainly  msponsihlo 
lossiae  conditions  of  pine  anvannaa. 

Na  on  soil  diaparaion,  bulk  dansity,  i 

most  profilaa  axtrnctable 
paetnaea. 


r tho  Imperaeablllty  and  wa 
hydraalic  coaduotivity  la 


Thasa  advarsa  aXfacta  ara  magnified  on  sites  share  the  sandy 
Burface  layer  la  thin,  wham  the  land  is  flat,  and  ahera  the  rainfall 
la  abundant.  These  conditions  all  exist  in  the  Savanna  Pine  Bldga, 
affecting  soil  physical  properties  end  Indlmotly  grovth  of  pines. 

Extractable  re.--Tha  msults  of  the  NH^CMc  (pH  4,8)  axtraotohla 
?e  are  presented  in  Table  19.  The  data  indicata  that  the  surface 
horiaons  in  all  profiles  have  the  highest  extractahla  Fe  content. 

is  appamntly  the  result  of  Fe  mturaed  to  the  surface  through 
the  vegetation  cycle.  Extractable  Fe  in  the  subsoil  probably  results 
from  reduction  of  ferric  into  more  soluble  ferrous  compounds  by  acidic 
extracts  of  litter  which  moves  with  percolating  water. 

Although  Fa  is  the  third  most  abundant  element  in  soils  and  it 
fulfllle  a very  Important  role  in  plant  nutrition  and  meiabollem, 
analyses  of  available  or  exchangeable  Fe  are  very  seldom  part  of  soil 
surveys.  It  is  not  easy  to  find  data  on  soil  Fe  for  comparative  pur- 


It  appeamd  that  frequently  waterlogged  profiles,  ns  those  in  the 
Savanna  Pine  Ridge  and  Profile  XII  in  the  Melinda  Coaetnl  Pine  Ridge 


wore  higher  In  oxtmctable  Fo  In  the  surloco  solle  then  prollloe  with 
good  dralnege.  Reduced  condltlona  apparently  nnko  Fe  bettor  eoLuble, 
as  hypothealaed  by  Harter  end  McLean  (1865).  Under  prolonged  water- 
logging condltlona  the  aolubillty  of  Fo  night  hocone  so  high  as  to  be 
toxic  lor  plant  growth,  particularly  in  acid  soils. 

The  data  In  Table  18  gave  Indication  that  variation  in  growth  oi 
P.  caribaen  anang  the  various  pine  ridges  are  negatively  related  to  the 

ship  was  found  aoong  altee  within  a particular  pine  ridge. 

The  surface  horlaons  of  all  profiles  in  the  Savanna  Pine  Ridge 
and  Profile  XII  of  the  Melinda  Coastal  Pine  Ridge  have  free  IS  to  7S 


ppm  extractable  Fe,  while 

Extmctable  Mn.  — The 
sella  in  British  Ronduras 
sells  under  P.  carlbBea  ei 
Pine  Ridge  were  extremely 
The  majority  of  the  soils 
was  beat  provided 
average  for  agricultural 


leae  In  all  other  profiles  hove  much  leas 

lount  of  extractable  Un  in  the  pine  ridge 
e presented  in  Table  19.  It  shows  that  all 
pt  in  the  Broken  Pine  Ridge  and  Xortbern 
'W  In  extractable  Kn  in  Che  surface  soil, 
d less  Than  1 ppm.  The  Broken  Pine  Ridge 


Mn  availability  are  soils 
111  pH  values  around  6-6.5 
ler  values  favoring  reduction. 


higher  vs 


les  oxidation  (Bculd  1963),  Several  factors  probably 
tic  acids  released  by  decomposing  needles,  and  poor  di 


resulting  from  a flat  topography  or  aoll  Impormoablllty.  Roduoilon  of 
Un^*  to  Ua^^  makes  it  more  soluble  and  mobile,  pemlttiag  percolatli^ 


related  t> 


Variation  In  extraotablo  Un  was  m 
profiles.  The  extraotablo  Un  in  the  p] 
dopth  and  apparently  was  related  to  organic  matter  oontent,  which  in- 
dicates that  Un  participates  in  the  vegetation  cyole.  Data  in  Table  19 
also  suggests  that  variation  la  amount  of  extractable  Un  among  profiles 
V drainage  conditions. 

song  the  pine  ridges  Is  probably 
liter  produced  by  the  vegetation.  Litter  from 
.e  vegetation  has  lower  extraotablo  Un  than  mixed  litter  such 
in  the  Broken  Pine  Bldgs  and  Northern  Pine  Ridge,  A positive 
reea  growth  of  pines  and  variation  of  Un  oontent 

e results  of  analysis  of  samples  show  that  pine 
ridge  soils  of  British  Honduras  have  an  extremely  high  A1  content.  One 
would  suspect  this  from  the  occurrenoe  la  the  field  of  plants  adapted 
to  very  acid  soil  conditions  os  the  Euterpe  (Ahmad  1960}  and  A1  accu- 
mulating plants  such  as  Miconin  (Romnoy  19&9).  Furthermore  differen- 
tial thermal  analysis  of  the  colloidal  fraction  showed  largo  amounts 
of  glbbslte  and  amorphous  clays,  which  under  these  climatic  conditions 

The  high  A1  content  Is  in  great  port  responsible  for  the  high 


relationship  « 


Extractable  A 


Tisdale  and  Nelson  (1967)  explslnod  the  role  of  A1  in  soil  acidi- 
fication. They  asaumed  that  H*  and  Al®*  ware  in  continuous  squlUbrlum 
in  acid  soils.  For  example,  an  addition  of  Rt  ^na  soil  solution 


rflaults  In  an  equivalent  new  supply  of  Al^*,  which  cones  fron  the  crystal 
lattice  of  cloy  minerals.  This  demolition  of  cloy  crystals  results  in 

as  allophnne".  Needle  litter  decomposition  provides  the  for  breoJe- 
dovn  of  clay  and  dissolving  of  Fe  and  A1  in  soils  supporting  pine  vege- 
tation. In  this  way,  sesquioxldes  move  downward  with  parcolatlng  water 
into  the  ground  water.  However,  It  la  apparent  that  A1  tends  to  sccumu- 


horlsons  of  the  pine  ridge  soils  due  to  in- 
compacted  sell  layers. 


The  low  values  for  extractable  F la  soils  under  P.  carlbo^  are 
no  doubt,  partially  due  to  P fixation  by  Al.  The  effeot  of  soil  A1 


Pino  vegetation. 

Adsorbed  Al^*  was  also  probably  responsible  for  low  CSC,  It  is 
bold  sc  tightly  that  tbs  effective  exchange  capacity  Is  strongly  re- 

Alunlnun  is  not  an  essential  nutrient  'and  plants  tolerate  the 
prosonce  of  soluble  Al  within  very  narrow  limits  and  at  very  low 

dominates  and  bloehs  the  exchange  complex  after  removal  of  bases  by 

Jackson  196S>  while  rice  can  grow  quite  well  with  4 ppm  <Xockard  and 
UcWoIter  19h6).  Aluminum  level  of  3.24  ppo  in  soils  wss  reported  to 
be  toxic  for  tobacco  (Eisenmenger  1930).  From  these  reporta  one  vouli 


coacludo  that  the  Al  atetus  of  soils  from  the  P.  caribaoa  sites  is 


An  Inspoatlon  of  cbe  annlytlcal  dnln  nuffeeste  tho  oxlstonce  of  a 
positive  relationship  <r  ■ 0.7S)  boteeon  anounta  of  oiBOnlc  latter  and 
eatractabla  Al  in  the  surface  soil.  This  relationship  oaa  be  expressed 
by  the  following:  equation: 


kj/»  In  the  top  30  ca  layer  (Table  30).  One  could  conclude  froo  this 
equation  that  an  increase  In  soil  organic  matter  causes  an  Increase  in 
the  solubility  of  Al,  resulting  In  high  extractable  Al  until  it  reaches 
a certain  Halt  when  it  affects  growth  of  P.  carihaea.  In  practice 
this  condition  could  result  from  tho  acouaulatlon  of  organic  sietter  as 
a consequence  of  prolonged  fire  protection  or  a high  stand  density. 

P-  carlbaea  as  many  other  tree  species  has  a pH  preference  within 
certain  Halts.  A reduction  of  pH  below  that  Halt  aay  Chech  growth 


Cation-exchange  ccpocltv  (CEC).« 
's  (CEC)  of  all  horiaons  wore  very 

The  low  CEC  of  British  Honduras 
ult  of  the  following  factors: 


minerals  and  allophanes. 


cation-exchange  capacl- 
solle  are  probably  the 


3.  High  content  of  Al,  which  tends  to  form  Al  (0H>,  and  block 
exchange  sites  (.lonny  1961)  , 

4.  The  presence  of  high  amounts  of  exchangeable  Al,  which  was  so 
tightly  held  that  it  reduced  effective  CSC  (Uartin  et  al.  1964), 


Intense  veatherlns. 


produced  by  Che  procoasea  cycling  And 
In  the  leached  zone  (A^)  due  to  low  clay 
tble  layer.  It  tends  to  increase  aKAln 


CEC  of  surface  soils  aeone  profiles  are  related  with  amount  of  organic 
nattor.  The  correlation  coefficient  expressing  this  relationship  in 

amount  of  clay.  Sandy  subsoils  as  in  the  Broken  Pine  Ridge  and  the 
Belinda  Coaatol  Pine  Ridge  have  lower  CEC  than  the  clayey  subsoils  of 

Variations  in  growth  of  P.  caribaeo  among  and  within  the  pine 
ridges  are  not  reflected  in  CEC  data  presented  in  Table  19. 

Meedle  analysis  of  Pinus  caribaea  from  natural  stands 

n the  vielnlty  of  the 


Results  of  analysis  of  foliage  fra 
diagnose  mineral  deficiencies  (Kramer  ai 


Analytical  data  of  t: 
soil  mineral  supply  S' 
I Konlowski  I960) . 


limitations,  such  as  micro-variation  within  site,  species  differences, 
and  seasonal  fluctuation  in  nutrient  contents  (Biller  Iflgd,  Kelley  and 
Shier  1969,  Kells  and  Betz  1963,  Betz  et  al.  1996,  Pritchett  1968). 


An  » content  ol  1.4«  or 
that  the  soil  was  doflciant  1 
ona  night  conclude  that  only  . 
an  adequate  supply  of  H.  Hov 
was  only  2,702  kg/ha  In  the  u 
for  eoils  represented  by  Prof 
likely  that  N in  the  soil  of 
available  than  that  of  the  aa' 
the  organic  natter  and  more  fi 

for  slash  pine  In  Australia  (] 
Llewellyn  1966).  Although  th) 


f 1969).  Using  tl 
XII  (eavajuia)  (Table  30). 


than  0.098%  was  reported  to  b« 
aur  1999,  cited  by  Pritchett  i 
eanpllng  techniques  were  not 


defioleot 


cleney  fm  the  low  P contents  found  by  soil  analysis.  As  consequence 


froB  23  to  about  31,  The  nomal  value  set  by  Strebel  (I960)  for  pines 


The  needle  contents  of  K ranged  betweon  0. 
free  the  govanna  Pine  Rldgo  were  highest  In  K. 
values  are  indications  of  sufficlont  available 


relatively  high 


TBa  (Safiolency  Halt  set  by  Helnsdorl  <1965)  >oa  0.35%  X for  Sooteh 


Physical  end  nineroloelcpl  soil  facto. 


(aacro)  pores,  so  that 


aode  betveen  capillary  (aicro)  and  noacoplllary 
y conclusions  drawn  relative  to  these  proper- 
a contest  with  texture.  It  appeared  that  the 


best  sites  had  lover  bulk  densities  then  poor  duality  sites  (Table  21). 
Critical  bulk  density  values  for  root  penetration  of  cost  plants  are 
1.75  k/cc  for  sand  and  1.63  g/cc  for  clay  (Wlersma  1959).  for  com, 
this  Unit  may  be  lower  (Bertrand  and  Kohnke  1957);  namely,  1.5/cc. 

It  appeared  that  high  bulk  densities  are  also  associated  with  high 
eater  tables  (Profiles  1,  II,  and  XII). 

It  was  observed  In  almost  all  profiles  that  particle  density  of 
surface  soil  la  sonovhat  lower  than  that  of  the  subsoil.  Soils  with 
a particle  density  of  2.5  g/cc,  or  lower,  have  high  organic  natter 
content  (Donahue  1965).  Particle  density  la  often  employed  la  the 
Identification  of  nlnerals,  however  It  la  of  limited  value  for  Iden- 
tification or  classification  of  soils,  because  the  particle  density  of 
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Aliost  all  surface  horizons  of  plae  ridge  soils  are  sandy,  there- 
fore porosity  values  of  these  horizons  con  be  coopered  with  eaoh  other. 
It  appeared  that  the  Broken  Pine  Ridge  bad  the  highest  average  value 
of  total  porosity,  ehlle  the  Savanna  Pine  Ridge  had  the  loeest  total 
porosity  in  the  surface  soil  (Table  21).  Porosities  of  the  subsoils 
are  not  ooaparable  ssong  pine  ridges,  because  of  textural  dlfferenoes. 
The  variation  in  porosities  among  profiles  elthln  a pine  ridge  reflects 
often  the  productivity  of  the  site. 

Porosity  of  forest  soils  vary  from  30  to  63%  of  the  total  volume 
<Vllde  1968).  Close  relationshlpa  exist  betveon  size  of  pores  and 


liferatlon  and  nutrient  avallobillty  (Voorhees  at  al . 1966) . 

Relative  to  lands  under  cultivation,  the  porosity  of  the  pine 
ridge  soils  is.  In  general,  lover.  The  hotter  sites  in  the  pine  ridge 
had  higher  soil  porosities  than  the  lees  fertile  ones  (Table  21>, 

The  porosity  of  the  pine  ridge  soils  in  British  Honduras  is  com- 
parable  to  soil  porosities  under  other  natural  vegetations.  Schulz 
(I960)  and  Heyllgers  (1963),  both  vorking  in  Surinam,  found  porosity 


44%  under 


forests  and 


U appears  that  a pore  spaco  of  40*  or  noro  Is  favorable  for  the 
erovth  of  P.  carlbaoa.  Although  roots  can  apparently  penotrato  acre 
eoopactod  soils,  the  resulting  troos  are  scrubby.  A porosity  of  59* 
is  reiiulroa  for  optlaun  grouth  of  corn  (Bertrand  and  Kohnxo  1957). 

Waterlogging  apparently  Inoresses  soil  oonpactness  (Profile  I,  11, 
XII,  Table  30)  as  a result  of  dispersion  of  soil  aggregates  and  filling 
of  soil  pores  with  silt  and  Olay  (Figure  10) . From  cop  to  bottom  ia 


Tgcture.— Particle  siae  d. 
oally  in  Figiires  11,  12  and  13.  Detailed  di 
Table  31.  In  general  pins  ridge  soils  have 
and  clayey  subsoils.  The  transition  from  sj 
gradual  as  in  the  Broken  Pine  Bidge  and  the  Uoliadi 
or  abrupt  as  in  the  Savanna  Pino  Bidge. 

The  figures  shoe  that  the  5ro)(en  Pino  Bidge  ai 
Pine  Bldgs  have  deep  sandy  profiles.  In  oentrast  ( 


da  Coastal  Pine  Bidge 


There  vere  no  stones  on  the  surface,  nor  gravel  and  pebbles  in 
the  Bolls  of  the  lowland  pines,  as  tbs  soils  vere  derived  from  sea 


Pino  Bldgs  and  in  ths  Halindn  Coastal  Pine  Bidge,  eepeoiolly  those 
stony  and  high  in  sedentary  gravels  and  pebbles.  It  was  striking  tbi 
soils  that  were  poor  in  tbese  soterinls  (Figure  14),  Similar 


dlsTritautlon.  Savanna 


HiacB  (Profil* 


Uouataln  ^na  Ridge  (Profile  XllI) 
Kortbcrn  Pine  Ridge  (ProJilc  XIV) 


Moisture  cbaractertfltlcs. — Results  of  eeasuremeots  of  water  re- 
tained at  1/3  and  IS  bar,  expressed  Ic  volune  percent  are  given  la 


cgrrelatloa  co«fflele&t 


charactoriitles 


ha  toimila  hf  Roe  (1950) 


calculated 


Thermal 


distribution  ot  clay 


Analysis)  lllustroto  tho  InilueDce  of  elimote 

South  British  Kondurns  vltb  a humid  cllmato,  has  soils  In  which 
sllopbane,  kaollnlto  and  hslloyslte  predominats.  In  soil  samples  free 
areas  where  the  rainfall  Is  lower  such  ss  the  Korthern  Pine  Rldse  sad 
hountnln  Pine  Ridge  apparently  more  montmorillonlte  wss  present  thso 
1:1  minerals  (Table  33). 

From  each  profile,  one  DTA  curve  wss  selected  ond  lllostrsted  In 
curve  (iiurray  sod  White  1936). 

presence  of  lllltes  la  these  samples. 

diffraction  by  Krueger  (1993)  li 

ver  olsys  reflect  edephle  end  ellmntlc  oc 

n the  uplands  of  British  Honduras  is  dry  and  formstion  of 
t impossible.  Investigations  of  Krueger  (1933)  also  showed 

lo  Hondo  which  drains  tbs  most  northern  part  of  British 
s eenisrld  oLlmste,  contained  clay  high  in  montmorillonlte, 
s collected  in  soutbern  rivers  oontsined  mostly  ksollnlte. 


e detected  oi 


differences  li 


^ saiplas^ot.  froB  SavMBU  Pine 

nidj^  evil  - IX) . 


Thft  Slttee  Rivor,  vblcK  flaws  through  on  area  with  intormodiota  annual 

The  following  Dlnorala  oro  diecuaaed  in  aoquontial  ordor  of  peaks 
on  the  DIA  eurvo;  allophano,  lioonlto,  Icplctocrocito,  glbbeite,  brucite, 
kaollnite,  halloyslte,  Bontnorlllooite  (Figures  lb  and  16). 

Alionhane.— ^is  clay  Blnaral  was  found  la  all  profiles  la  the 
pine  ridge  within  the  foreat  of  Savanna  and  Melinda,  but  sooned  to  be 
absent  in  the  Uouataln  and  horthem  Pine  Ridge.  Ihia  was  anticipated 
because  of  relatively  low  annual  precipitation.  The  relative  fre- 
quencies ranged  freo  fairly  abundant  to  very  abundant  in  the  aoutbera 


d glbheito  (y-AlgOa'aUgO)— LiBonlto  oi 


gibbstie  are  t»i 
(Profile  I Co  VI 


hydrates  of  aeaquioxidee  s' 


) had  Bore  glbbeite  tl 


then  together  la 
ei  Melinda  (Profile 


Pine  Ridge  did  not  show  the  prosence  of  gibbslte. 

According  to  Jackson  (1&56>,  the  liaonite  peak  la  at  306  C;  howevei 

the  position  of  the  glbbeite  peok.  According  to  Fiskell  and  Carlisle 
(1SE4)  this  peak  is  located  between  330  C and  360  C,  while  Sherman 
(1936)  based  his  deterBinstions  in  Hewali  on  peaks  between  360  C and 


•9  llBOnlt» 


circuia0tiino«B  vith  the  result  that  they  shewed  up  in  BUctures  u 
peak.  Brazilian  slbbsite  used  as  a rsloronee  gave  a peak  at  34' 

the  lorner  is  sore  or  leas  an  eduilaterel  triaagle.  while  the  1. 

In  the  identificetioa,  the  peak  at  300  C denoted  pi 
and  340  C was  reaarved  for  pure  gibbalte.  Peaks  betweei 
waa  interpreted  ns  a liBonita-glbhalte  al 

that  in  arena  of  lowest  rainfall,  Iron  oxides  accionulate  laore  rapidly 
than  glbbsite.  In  areas  with  a very  high  rainfall  where  the  eoila  had 

to  yellow  color  and  shows  up  In  DIA  curves  with  a Isrge  endothenale 
peak  at  380  C.  Only  a few  eanplea  from  profiles  with  a relatively  good 
soil  aeration  gave  very  weak  peaks,  indicating  low  contents  In  this 
Blneral.  They  ore  absent  in  the  waterlogged  coastal  pines  of  Helindn, 

Leoldoeroclte  (IT-PeO.QHI. — The  presence  of  thia  Blneral  coaid  be 

This  Blneral  was  scarce  nnd  was  Boinly  confined  to  a few  horizons  with 


ftlkallne  anvlronBenc , Bruclle  Is  formed  fro 
of  complete  or  Incomplete  doearboulsatlon  CF 

Tde  soils  in  this  area  are  underlain  b; 


list  1949).  Pri 
5B  Northern  Plr 


'7  limestone. 

Kaolinite  (AlgiSlgOsfOH].,)  and  hnlloyaite  fAlo5isQ,^(0H)^ . 2HoO 
Both  Olay  minerals  more  represented  strongest  In  the  pine  ridge  e< 
eithln  the  Savanna  and  Uollnda  Forest  Divisions  (Tabls  33).  Boat 

and  halloysite  are  attributes  of  highl' 

Intanretatlon  of  those  minorals  oi 
cause  allophane  and  halloysite  overlapped  on  water  loss  la  peak  A.  Bo 
kaolinite  and  hnlloyaite  were  eoaaon  la  peak  B.  Peak  D was  not  obeerv 
(Table  33)  due  to  operational  conditions  of  working  with  a manltnim  tem 
perature  at  S60  C.  In  prnctlee  the  easiest  method  of  diatlnotion  be- 
tween koollnito  and  halloysite  la  one  based  on  slope  ratios  (Piakell 


if  maturity  as  kaolinite 


IB  was  dlffieult  b 


lower  than  in  nontmortllonlte,  (AI^XSI,,  jjAIg  g,)Ojo(OB)^  , Kaolinite 
and  holloyelte  have  been  subjeoted  to  the  process  of  desilieatloo.  In 
this  prooass,  Si  la  dissolved  and  reaaina  soluble  until  excess  water 
drains  it  away.  Large  quantities  of  alkali  metals. such  as  K or  Fa  are 


water.  According  to 
y intensive  dasill- 

illustrated  above 


o prevent  floceulntlon  of  Si,  and  largo  amount  of 
lohr  and  Van  Baron  (1934),  complote  removal  of  Si 

nd  subieet  to  leschinK  losaea.  The  development  a 


>f  rgddisll  soils  thst  are  hlsli  io  seequioxldes. 

However,  St  ie  not  removed  ccaipletely  la  solle  ol  lowlaod  pine 
ridges  because  of  impermeability  of  subsoils.  This  results  in  Inter- 
mediate desillostion  sad  formatioa  of  bsolloitlo  cley  (JsoKsoa  1963). 
Potassium  feldspars,  ss  mlcrooline  OCAlSl^Og)  and  snorthito  (CaAlgSlgOg), 

Allophsnes  wore  formed  la  areas  with  o eonoavo  rolief,  where  da- 
alllcntlon  prooaodod  very  mildly,  duo  to  poor  drainage. 

Hontmorlllonlte.— Only  one  horison  la  Sovonan  soils  (Ppofila  VI. 1) 
and  one  In  Uellada  soils  (Profile  IX. 1)  gave  Indications  of  some  moatmo- 
rlllonlte.  DW  curve  oa  surface  soil  sample  of  the  fountain  Pine  and 
Korthem  Pine  Ridge  showed  peah  poiotlng  to  the  rolative  abundance  of 
.this  mineral  type,  this  area  has  s seml-arid  climate  having  soils 

Hydrolysis  of  Si  occurs  wbea  the  soil  la  wet  and  91  is  not  removed 
becauae  of  poor  Internal  drainage.  In  the  dry  season  the  soil  solution 

Olay  develops  (Keller  1964). 


lowland  pine  ridge  Is  probobly 


could  not  bo  Identified  by  consulting 
iolls,  such  as  water  holding  capacity  and 


(De  VllUer*  1965),  Cuaractarlatios  « the  British  Honfluraa  pine  ridge 
■t  primary  nlnerals  as  Indlaateh 


by  the  high  content  of  quartz  sands  on 
in  tho  subsoil,  predoaination  of  1:1  li 
represented  by  haollnlte,  halloyslte  ni 


:be  surface,  clay  accuaulatlon 
■or  lattice  types  (knndltes), 

: ollophane.  Uontaorlllonlte 


s aaialy  confined  to 
nd  orange  aottllng  ni 


le  Mountain  Pino  and  Northern  Pine  Sldge, 
ccsaion  because  of  transportation  of  iron  i 


ir  aethods  of  identlfloatlon.  Sen  and 
lat  any  conclusion  on  the  alneraloglcol 


and  oust  be  verified  ». 

Chetterjea  (1967)  suggested  that  . 

aako-up  of  silt  or  clay  samples  arrived  at  by  any  single  ai 
may  often  be  erroneous  and  that  Identlfloatlon  end  eetlantlon  of  clay 
Blnerals  preaant  should  bo  made  by  a eoabinatlon  of  several  aeaaureaents. 
Cllaate 

Proa  veatber  data  supplied  by  the  Departaent  of  Forestry  and 
Department  of  Agriculture  of  Britleh  Hondurna,  It  nos  clear  that  P. 

groWB  naturally  in  areas  elth  at  least  1.500  aa  annual  pre- 
cipitation. Data  on  annual  precipitation  was  obtained  for  Belize  Airport 
and  Maehatl,  representing  Northern  Pine  Ridge;  Melinda,  represeatlng 
Hellnd.  Coastal  Pine  Ridge  and  Broken  Pina  Ridge;  Savanna,  repreaentlng 
Savanna  Pine  Ridge;  Augustin,  representing  Mountain  Pine  Ridge. 

Teaperaturo  data  »ere  available  only  free  Melinda,  Savanna  and 
Augustin.  Prsclpltation  Is  unevenly  distributed.  There  is  a long  dry 
season  from  February  to  April  and  a short  one  la  August,  and  the  vet 
laason  from  June  to  Octobor  (Tablo  3d,  Figure  17). 


ei  teapereturo  li 


clalA«d  by  Luflkbofr  (1964) • 


SBvanita  and  Ualiada,  and  Sroa  Sapteaber  to  February  at  tbe  otbor  atl 
Tbe  gurplua  at  atationa  outalda  the  plna  belt  la  aucb  lover  CO  to  6' 

which  occure  Iron  March  throueb  May,  Tbo  dellelt  io  areaa  outalde  i 

dlgraaaatlcally  for  four  ataciooa  (Plguraa  19  and  20}  by  tracing  thi 
balance  between  precipitation  and  potential  evapotranapiratlon  or  wi 


Pr«glpltauon 


Potential 


tlons  ars  vary  Iraquant  ceaultin^  In  pqot  anil  oaratlon, 

Altbaugb  the  aoiatura  deficit  la  relatively  ^all.  It  fflay  becoea 
critical  for  grotrth  of  P.  earlBaea,  becauao  of  the  low  water  atoraga 
capacity  of  pine  ridge  aoila.  The  aubaolla  becoea  stone  hard  and  In- 
paaatmbla  to  pine  roots  when  dry.  Most  likely  plnas  ere  doroanc  during 
this  dry  period  as  happens  during  the  winter  In  temperate  nones. 

Poor  aeration  In  pine  ridge  soils  on  flat  and  concave  topography 
may  check  the  growth  rate  of  pines  in  the  rainy  season.  Ihe  water 
deficit  and  surplus  shorten  the  effoctlvo  growth  period  of  pines  in 

growth.  Uiese  unfavorable  eondltloni  are  not  present  for  pines  growing 
on  elopes  such  at  In  the  Sroken  Pine  Kidge  and  Mountain  Fine  Ridge,  end 
along  creeks  and  rivers  where  drainage  is  usually  good. 

Growth  conditions  in  the  Kortham  Pino  Ridge  are  better  than  In 
Savanna  and  Melinda,  in  spite  of  its  flat  topography,  beoause  of  the 
lower  water  surplus. 

Growth  Measurements  In  British  Honduras 

In  the  late  fifties  the  Forest  Depnrteent  of  British  Konduros  laid 
out  a series  of  experimental  plots  In  the  Savanna,  Melinda  nod  Augustin 
Forest  Division,  to  obtain  a better  understanding  of  growth  renuire- 

plsce  to  place  with  treatments  designed  to  solve  looal  problems.  Trees 


plot  and  ueo  tho  data  for  backffround  infomatlon  lor  hid  study.  Prs- 
llBinary  results  of  the  experlaenta  sere  Included  In  the  dlaaertetlon 
because  they  help  explain  growth  ol  P-  caribaea  observed  In  the  field 
as  well  OB  in  the  greenhouse  experieent. 

Savanna  Pine  Ridge, — Two  types  of  exparlaenta  wore  in  this  district, 
they  Included  fertilisation  and  rogeneration  experiments  and  Increment 
plots.  These  plots  were  visited  and  records  of  periodical  growth  meae- 


Oisoupsioa:  Tlipre  pubataDtlal  erovth  inareasea  aaaoolated 
*lth  applloatlona  of  iopopplioapiuite,  but  tha  iQcroBoma  wore  praportloa- 
ally  lower  ut  the  bi£b«r  ratee.  Raatdual  effaota  of  P still  reaalnad 


after  the  sovontb  year,  avon  at  tbo  li 
increase  of  growth  In  control  plots  w. 
soil  conditions  gradually  iuprovad  wi 
disturbing  footers  as  fires. 

2.  yertiliaation  experiaent  in 


4 plontation.  This  axperinent 


t whether  rapetitios  of  fertiliser  applioatlon 


topography. 

Treatnents!  All  trees  wore  fertilised  at  tine  of  planting  with 
g$  g of  auperpbospbata.  Additionol  applications  were  aade  as  follows: 
A.  S6  g suparpbospbate  in  1958. 

8.  S6  g superphosphate  in  18S8  and  1982. 

C.  56  g Buperphoapbate  in  1959  and  1982  and  planned  for  1969. 

D.  Control,  fartilited  only  at  planting  in  1954. 

Beaults:  Perforwance  of  seedlings  was  aasessed  in  1962  with  the 

following  results: 


plots  ot  planting  bad  boostod  growth  sufflciaotlp  that  owon  aftor  eight 
years  there  was  little  difference  In  tree  dloaetera  of  those  that  were 
fertilised  only  once  and  those  that  were  refertlllaed.  Bepotltlon  of 
fertiliser  application  at  four  year  Intervals  was  unnecessary.  Hie  basic 
treatnent  In  this  experlaent  was  slailar  to  the  highest  treatnent  of 

3.  Pertlllsatlon  experlaent  In  1SS6  plentatloo.  In  this  experl- 
aent fertilisers  were  applied  at  0 to  B BonChs  after  planting, 

Boll  charaoterletlcs:  The  site  had  a heavy  clay  eubooll. 

Treatments:  GB  g of  superphosphate  were  applied  broadcast  around 

eaoh  tree  at  plaotlngi  3 Booths  after  planting;  G months  after  planting; 
and  oontrol  (not  fertilised). 

Kesults;  KaosureBents  Bade  in  1862  resulted  in  following  figures: 


At  planting 
3 BO.  after  planting 
6 BO.  after  planting 
ho  application 

DlBcusslon:  It  appeared  that  superphosphate  applied  at  plant, 

time  rOBUlted  In  bettor  growth  thou  did  later  applloatlons.  The  nc 
fertilised  trees  of  this  experlBOnt  Bade  about  the  ssbo  growth  as  i 
fertilised  trees  of  experlBent  I,  la  sandy  noil.  All  fertilised  t: 
regardless  of  tine  of  application  grew  bettor  than  nonfertlllsed  t: 
however  the  response  to  superphosphate  In  this  fine  textured  soil  ' 


BAeults:  Tree  perfomoace 

fotlo«lDS  result!: 


Site  treataent 


Percent  of  Ueon  bdcuoI 

full  stooklns  Avorase  Inerenent 
Trees/tia  at  3 x 3 e kaigbt  height 


rally  regenerated 


DlaoUBalon:  There  was  a general 


stocking,  which  In 


fl  sufficiently  sstiafcctory  to  warrant  tSe  coat  of  tbe  preparation 
ic  growth  was  ao  vary  poor  without  fertiliaation. 

Soil  charactorlatica:  tlie  soli  of  tbe  alto  bad  a aendy  aurface 

I at  time  of  treataent.  Tbe  plots  were  given  tbe  following  treatnenta: 
A,  Control  (no  fertilizers). 

3,  guperphoapbate  applied  by  nachine  aproadar  at  a rate  of  34  bg 


C.  Fertilized 

D.  Drained  as 

Results:  Tbe 


required  without  fertiliaation. 


Treatnent Average  height  Increnent 


Dlscuesion:  It  appeared  that  drainage  leproved  tree  growth  about 

16%  over  that  in  undmlned  soli  In  the  abaonce  of  fertilizers.  Fertillz- 
era  Increaaod  growth  by  about  60%  over  that  obtained  without  the  auper- 
phoaphate.  Furtbereore,  drained  fertilised  soil  did  not  produce  larger 


CollQwln^  reeults: 


Suporphospliat^ 


Plicusftlon:  Diamet«r,  bei^t  find  consv^uently  volumfl  growth  la- 

croasod  with  IncreaslOB  ratoa  of  Buporphoophate.  This  oaparlttoot  did 
aot  lead  to  coocluBloaa  about  the  aaalBUK  rate  bayoad  which  growth  de~ 

Increment  atudiea:  There  ware  nine  increBOat  plotd  eetabllahed  in 

the  Savanna  Pine  Ridge,  mainly  coacontratod  aenr  Mango  Creek.  They  are 
deBignnted  with  MC  1 to  9,  One  of  then  wca  laid  out  la  natural  regener- 
ation and  no  Beaaurementa  recorde  were  available  frcea  thla  plot  and  froa 
three  other  plota.  Only  live  plota  are  dlacusaed  la  which  the  exact 


be  fouad  on  alae  of  plot,  ao  that  the  volume  growth  par  hectare  waa  not 


The  eharacterietlca  • 


Creekelde  vegetation 
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Discussion:  T]:s 


srorth,  whether  fertilized 


everoge  pR  In  the  wet  soils  was  5.8  and  that  In  the  drained 

tase  of  pB  was  highly  signifloant  <Table  26).  Tbla  Increase 

ir  from  the  oryatsl  lattice,  There  was  also  an  Increased  aolu- 
' ?e  and  Al,  which  hydrolyzed  to  give  higher  pB  values  under 


reduced 

Bltrogen  significantly  reduced  pH 
drained  soil  (Table  36,  Tlgure  21,  1 nc 

Phosphorus  significantly  Increased  pH  (Table  38),  particularly 
vet  soli  (Table  38,  Plgure  21,  111  and  XV),  the  associated  Na  ion  It 


The  HO--M  conponant  vi 


The  Interaction  b 


" a p 2 s " 
"s  "a  "2  "s  "s  "s 


s s a s s 2 


? I : 


pK  r«duation  by 


^Identified  by  «r> 


t,  University 


soSX  (Allen  nod  Arnon  19&S)  and  by  the  applied  N,  Tbo  presence  cf  this 
algae  was  not  ascribed  to  eontoelnatlon  In  the  greonhouae,  even  though 
the  sells  bad  been  luslgsted  at  the  quarantine  station,  Algae  were  also 


ity  for  non*synblotlo  fixation  of  appreciable  anounts  ef  N in  rlci 
paddles  (Stewart  19S7).  The  average  increase  la  total  h la  soils 


In  most  pots  residual  N at  the  end  of  the  exparlneot  vaa  higher 
than  in  the  original  soil  (330  ppn),  even  where  no  S was  added,  and 
despite  nutrient  withdrawal  by  seedlings  and  possible  loas  by  leaching 
and  denltrifioation.  • 

Additions  of  h significantly  Increased  residual  P in  pots  (Table  26), 
particularly  those  with  wet  soils  (Table  36,  Figure  23,  n),  la  drained 

126  ppa,  the  effect  of  higher  rates  was  not* aoaeisteat  (Figure  22,  1), 

The  effect  of  H was  reduced  whop  applied  with  P, 

The  effect  of  added  P on  residual  K was  eignlflcsat  (Table  26), 
especially  in  drained  soil,  but  the  effect  varied  with  rates  of  P,  For 
Instance  on  the  average  locraaslng  the  P rate  frosi  0 to  62.5  pp»  re- 
sulted In  o decrease  of  residual  total  N,  when  applied  with  0 5,  126  ppa 
N and  260  ppa  P,  hut  resulted  in  on  increase  when  applied  with  600  ppo  N. 

Residual  total  S was  reduced  when  more  than  125  ppw  P was  added.  In  wet 
soils  P additions  practically  did  not  affect  the  asiount  of  residual  R 
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N odded,  ppm  N added, ppm 
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0 62.5  125  250  0 62.5  125  250 

P added,  ppm  P odded,  ppm  - 

A.  Droined  Soil  B,  Wet  Soli 


Tbe  average  contenl  of  extractable  P Ic  soil  used  for  the  greeabouee 
experinent  was  b ppe  before  treateents  were  applied;  tble  Is  considered 
to  be  a low  level  for  tree  growth  (Vllde  1P66,  Pritchett  196S) . By  the 

la  the  unfertlllaed  pots  (Table  36) • 

Hie  effect  of  water  treatments  was  highly  significant  (Table  36). 

The  average  amount  of  residual  extractable  P la  wet  soil  was  17  ppm  and 
3S  ppm  In  the  drained  soil  (Tsble  36,  figure  23).  More  P was  removed 
In  wet  pots,  because  of  pore  vigorous  growth  of  seedlings  In  these  pots. 
If  P Is  a limiting  factor  for  tree  growth,  as  Indicated  by  the  response 

than  In  drained  soils.  Saturation  Increased  soil  pH  which  apparently 
reduced  P fixation  cod  resulted  la  higher  P evallablllty  as  Indicated  In 

Tsble  36  shows  that  reeldual  P Increoaed  signlfloantly  with  In- 
creasing doses  of  KB^NOg  in  the  drained  pots  (Figure  23,  I).  Acidity 

able  P,  as  fixation  would  probably  have  resulted  from  greater  solubility 
of  Fe  and  Al.  On  the  otber  bend,  It  Is  lihely  that  the  more  H applied 
the  more  Intense  the  anionic  competition  between  and  H2PO  and  the 

The  effect  of  H additions  oa  residual  extractable  P was  not  con- 

It  is  obvious  that  reeldual  P Inoroaaod  with  Increaelng  P additions 
in  both  drained  and  wet  soil  (Figure  23,  III  and  IV).  bower  values  for 
wet  soil  than  for  drained  soils  were  the  result  of  greater  removal  by 


45 


0 \23  250  500  0 125  250  500 

N odded,  ppm  N added,  ppm 


extrootnbXe  roeidual  P. 


ol  K (ppm)  Exiroclable  Residual  K (ppm) 


Podded, ppm  Podded,  ppm 

A.  Drained  Soli  B.  Wet  Sol! 

M.— Sffoct»  ^ water  troaraeot.,  K and  P edditloee  oa 


tlllzad  w^th  the  blghost 
that  racolved  th«  i 
{or  this  quadratic 


dloBscer,  and  dry  weights  of  tops  and  roots  were  Influenced  to  varying 
degrees  by  conditions  of  soil  nolsture  and  avolLable  supplies  of  N end 


Kature^of_moirtl^ 


These  results  support  tbe  prenlso  that  P.  corlbaeg  seedlings  toler- 
ite  a high  groundwater  toble,  at  least  for  relotively  short  periods 

ov  oxygen  supply.  It  Is  llhely  that  optlBum  depth  of  water  table  In- 

everal  foctors  oould  be  responsible  for  tbe  poorer  growth  of  seedlings 
n drolned  pots.  One  Is  nutrient  leaching,  which  possibly  took  place  In 


ver;  readily.  Uodoubtadly 


porcentagfl  of  appllad  olraeota  moved  dowaward  io  the  saturated  pots,  but 


saturation  appoarod  to  be  harmful  to  seedllnBs  given  2b( 
500  ppm  of  h simultaneously.  Tbls  treatment  resulted  it 
even  mortality  (Figure  39).  In  draiued  pots  this  high  1 
ante  was  not  Injurious  to  plants  (Figure  26).  In  fact  1 
lings  In  drained  soils  were  produced  at  the  blgb  rate  o3 


nitrogen  significantly  affected  root  greeth  (Table  27).  Nitrogen 
appeared  to  suppress  root  growth  when  applied  at  Increaelng  doses  In 
drained  soils  (Figures  30,  1 and  31).  In  wot  soils  root  weight  increased 
when  N was  applied  at  129  ppm.  A further  iacreass  of  N to  260  ppa, 


The  effect  of  P was  highly  significant  on  all  parameters  of 
growth  (olongntloo.  diameter  and  dry  weight).  The  analysis  of  vi 
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ing  Elongation  Icm)  Seedling  Elo 


A.  Drolned  Soil  B.  Wet  Soil 


N oddeS,  ppm  N odd«d,  ppm 


Dry  Weight 


for  good  aoodling  growth  In  tl 
dry  weight  of  tops  (Figures  g: 


B experiment. 


the  presence  of  added  P Iccreased  growth  of  the  seedlings  (Figure  26), 
There  was  a elgnifiesnt  intemetion  between  N and  P on  dry  weight 
of  roots  (Table  27).  It  appeared  that  in  the  drained  soila,  the  re- 
ducing effect  of  N on  root  weight  was  alleviated  in  the  preeenoe  of  P. 


lively.  All  levels  of  P with  500  ppm  of  M produced  in  vet  soils,  seed- 
lings with  a poor  root  system,  averaging  0.49  g. 

Ihe  average  ratios  of  roots  to  tops,  on  a dry  weight  basis  was 

high  water  table  was  maintained.  These  data  are  the  result  of  the  fact 


id  soils,  while  root  growth  was  onl; 
n drained  soils  (Table  37). 

>th  R and  P fertilieers  deoraased  tl 


tndlCACed  that  P Lad  a muoL  gr«ater  offect  on  tree  errovtb  (ToLte  27). 
UaxtBun  frowtn  was  generotly  attained  at  62. S and  L2S  ppn  P level  CToble 
37).  At  the  hijhest  ? level  of  2S0  ppm,  tree  growth  waa  lesa  than  at 


any  rate  aeedllng  growth 
(Figure  32),  than  whan  P 


waa  applied  without  K (Figure  33). 


62.6  ppm  of  P in  drained  and  wot  solle,  with  average  dry  welghte  o] 
and  1.2  g reapectlvely  (Table  37).  Rootwelgbt  deereased  gradually 
higher  doaes  (Figures  30  and  34,  111  anc 
differences  In  root  growth  of  seedlings 


rntlaj  signlf teontly  (Tolile  *7).  For  9*o»pl9,  in  the  drslnod  sollh. 


■6  added.  Furthermore,  v 


0.25,  The  fertlllzera  apparently  stimulated  top  growth  more  than  root 
Concentration  and  Total  Uptake  of  Kutrlents  aa  Atiected  by  Sell  Water 


T0£a 

Nitrogen  In  tops.— The  K concentrations  in  the  above  ground  portion 


33  I and  II).  The  concentration  of  N woe  significantly  reduced  (Toble 
38)  aa  soon  os  P was  applied  with  N,  Application  of  123  ppm,  230  ppm 
cod  300  ppm  N in  combination  with  62.3  ppm  P,  resulted  In  on  overage  con 


o(  Topsl7«)  .l-Concentrolion  of  Tops{%) 


ri»ur.  3S.~SKe«.  <,1  «t.r  trea»e«»,  K and  P addltlona 
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IDSolublb  and  unovallable 


AU  ieadlings,  thlit  racalved  no  P,  bod  approxlnately  the  aane  P 


drained  soil, 
thot  reoalvad 


locreaslDB  rotas  of  N Increased  P 


Pigrnr«  36,"StIect9  of  nter  trefitnents,  H aod  P additions  on 


Ptosphoru*  Inereasea  P content  of  soodllnjo.  In  drolned  no  »el 
vet  fioila.  In  the  vet  folle  no  effect  of  adfled  P wee  apparent  a 


— The  average  X concentration  of  aoedling  tope 
grovB  In  dralnoB  soil  was  higher  than  In  topa  of  aeedllnga  grovn  In  vet 
BOlle.  Thaae  valuee  vero  0.44%  and  0.32%  reapectlveljr,  and  vere  prob- 
ably related  with  the  growth  rate  dlfferoneea  In  both  eovlronmonte. 

Increasing  doses  of  Ji  tended  to  reduce  K concentration  In  drained 
Bolls  (Table  40,  Figure  37,  I),  but  the  effect  vne  Inconsistent  In  wet 
soils  (Figure  37,  II). 

Added  P also  reduced  X concentration  of  seedling  tops.  They  bad 
a nlnloan  concentration  at  125  ppo  P in  drained  soil.  This  concentration 
was  Increased  when  the  rate  of  oppllcatlon  was  higher  than  12S  ppo 
(Figure  37,  III).  Its  effect  In  « 


(Figure  37, 


highest,  probably  resulting 


seedlings  In  unfertilised  soil  was 
> snail  site  of  seedlings, 
woe  alBO  significant  (Table  25) . There  wee 
tendenoy  that  added  K reduced  K eoaoentratlon  oore  In  the  presence  o 


centratlon  In  drained  eo. 
that  received  the  high  ri 


nger  In  seedlings 


« effects  of  voter  toOle  creotments  on  coecentrDtlons  si 


t concentration  of  seodlings  in  unfertilised  soils 
. used  OS  A stsndard,  then  incressing  rotes  of  It  vithoac  P,  reduced 


in  drained  pots.  The  srestest  reduction  in  concentration  brought  s: 
by  the  high  N rotes  was  in  a wet  envirorment,  and  this  reduction  wa 
often  ovorcowe  when  N was  applied  together  with  P. 

In  contrast,  P additions  hod  ea  opposite  effect  oi 

tops  increased  with  Increasing  P rates  up  to  125  or  250  ppn.  Tots 

sonetiaes  os  much  ns  twenty  tiaes  greater  than  the  micronutrlcnt  c> 
of  seedling  tops  grown  in  unfertilised  soil. 


ts . —The  avernge  1 
1.2S«  in  drained  i 


s significantly 


Consequently,  the  total  content  of  N of  seedlings  11 

(Table  2$,  Figure  3d,  I and  11},  but  the  effect  on  total  N content  of 
roots  was  erratic  for  seedlings  grown  in  drained  pots.  In  wet  pots, 

X content  of  roots  was  related  to  develoFsnent  of  above  ground  parts. 


dlnlnlsh  with  Increasing  rates  (Table  42). 

Pbospborus  significantly  increased  N concentrations  of  roots 
(Table  22),  bnt  It  increased  the  total  X oontent  of  roots  when  applied 


appeared  that  in  the  presence  of  water,  the  increase  of  X concentrations 
by  F wos  very  slight  (Figure  38,  111  and  IV), 


content  of  P in  roots  averaged  0,76  ag 


(Table  43).  Dlls  effect  of  water  treatnent  was  highly  significant 


Increasing  N rates  strongly  suppressed  root  F concentration  in  we 
soils,  except  whore  no  P was  added.  Furthermore,  applied  » tended  to 
suppress  total  P content  of  roots  (Table  43) . 


elgulflcantly  (Table  22,  Figure  39,  III  and  IV).  Total  P conten 
roots  In  most  oases  also  increased  except  in  the  wet  soils  whore 


Interaction  between  i 


s highly  significant  (' 


llluitratod  In  Pleure 


droinod 


lid  not  suppress 


o highly  slghlilcsnt  £' 


The  total  uptsho  of  N and  P were  13%  ond  63%  grestor  lor  pine  seed- 
lings grown  in  vet  soils  thao  for  those  grown  in  drnined  soils  (Table  4d>. 
Kutrienta  ore  more  available  in  soils  with  a higher  nolsture  content 
than  in  those  with  a lower  noisture  aontent  (ICetwally  and  Pollard  1669). 

Nitrogen  appeared  to  Increase  N uptake  in  drained  and  wet  soils  to 
a certain  extent,  noaely  at  rates  up  to  260  ppm,  while  further  additions 
were  either  suppressive  or  Improved  uptake  very  slightly. 

Phosphorus  Increased  N uptake  in  drained  soils  when  applied  up  to 


It  H suppressed  t< 


total  uptake  of  P at  rates  of  126  or  260  ppm  N.  The  highest  uptakes  of 


N with  250  p[sa  of  P,  with  values  of  6.6  mg  and  8.6  mg,  respectively. 

Nitrogen  reduced  total  uptake  of  P,  when  applied  in  combination  with 
low  rates  of  P,  in  drained  as  well  os  in  wet  soils.  It  affected  P uptake 

Blaok  mantle  eototrophie  mycorrhiaae  with  dlohotomous  branching 
(Vosso  and  Hacskaylo  1964)  ware  more  abundant  then  brown  mantle  nyoor- 
rblaae.  White  mycorrhlnae  as  deacribed  by  Griffiths  (1966)  were  not 


fl  dlchOtOBOUS  t. 


that  mycorrhlsoe  species  observed  bp  Griffiths  <1&65>  io  Molsys  were 
different  fross  those  of  British  Hondurss.  Ihe  letter  were  adapted  to 

of  Central  America.  Plantation  in  the  Jodeo  davanno  of  Surinam  failed 
before  nurseries  were  iooculatod  with  pine  ridge  soil  from  British 
Konduraa  (Vsn  Suchtalen  1BG2),  very  likely  because  trees  growing  under 
similar  conditions  require  a specific  fungi. 

inspection  with  a ISx  megnifying  binocular  revealed  that  all  seed- 


w seedlings  that  received 
There  were  no  myoorrhinal 


recta  present  on  eeedlings  that  received  the  250 

0 and  125  ppm,  but  this  may  be  Influenced  by  the 
High  aocumulations  of  N in  shoots  and  roots 
high  rates  of  N applioations  and  obeence  of  mycorrhina.  Interestingly 
when  no  N was  added  the  total  N aocumulatod  in  roots  is  between  41^1% 
ss  much  os  that  accumulated  in  tops;  but  when  H was  applied  at  125  ppm 

This  was  possibly  related  to  mycorrhlnal  activities.  At  no  N application 

Thia  suggested  tbat  myoorrhisae  took  up  soil  K for  metabolic  activities 


OCCDBflB'CE  OF  KYCORSHIZAZ  ASD  ACCIUUUTION  OF  N AND  P 
IN  EOOIS  AND  TOPS  OF  P.  carlbaea  SEZDLLNGS 


such  PB  lor  foraatiOD  of  ehltln  CKobors  1060)  or  ayoorrhiaal  ehealh 

vicb  aboocc  dropped  abruptly  vbea  N vas  applied  aad  tbia  ODlnclded  with 
absence  of  mycorrbisae,  Riosphorus  additions  do  not  interfere  with 


n unfertilised  di 
of  seedlings. 


P accuitulated  in  rooti 


than  tbe  P acouaulated  in  the  tops  of  plants  in  unfertilised  wet  soil. 
This  coincided  with  a high  oycorrhiss  development,  and  suggests  that 

energy  for  their  activities. 

The  mycorrbisae  roots  sooumulated  more  P with  inoreasing  P rates 

vitb  water  did  not  seriously  affect  tbe  occurrence  of  mycorrhlnse  type 
roots  during  tbe  period  of  this  experiment,  Morphological  etructures 

suits  apparently  are  in  conflict  with  Kacskaylo  <1957)  who  wrote  thot 

inhibit  aycorrhisae.  It  was  found  in  this  study  that  tbe  average 
weights  of  mycorrhisal  roots  in  wet  soil  was  0.90  g and  In  drained  aoil 


SmOURV  AKC  CONCLUSIONS 


low  fortuity,  was  studied  ; 


der  & tropical  lowland  olioete  in  soils  of 


Pour  locations  in  tOe  lowlands  and  one  location  in  the  upland  were 
selected  as  representing  the  different  soil  and  cliaatic  conditions  of 

was  conducted  with  soil  colleeted  froa  a neturel  pine  atand  in  one  of 

and  K and  P applications  on  the  growth  of  Pine  seedlings. 

P,  oaribnen  wood  has  good  qualities  for  luaber  end  is  also  suitable 


for  the  production  of  pulp  and  paper.  Trees  asy  also  be  topped  for  the 
production  of  good  quality  gua  and  turpentine, 

P,  carlbaea  grows  on  the  Atlantic  side  of  Central  America,  from  sea 
leuel  to  about  too  a altitude  and  between  12“  end  18°  N latitude.  The 


temperature  amplitude  ranges  between  10  C In  the  coldest  month  at  the 
highest  elevations  and  35  C in  the  waraeat  month  at  sea  level.  The 

It  evidently  does  not  grow  naturnlly  in  arena  with  an  annual  rainfall 
lower  than  1,500  mm,  ae  in  the  northern  part  of  Britieb  Honduras,  or  a 
grenter  rainfall  level  than  about  4,000  am,  as  in  coastal  Southern 
Nicaragua.  Although  water  balance  date  show  a big  annual  water  surplus 


periods  la  probably 


would  indicate  the  adaptability  oi  the  apecies  to  prow  in  very  conpact 
aoll.  This  fact  was  alao  deaonatrated  by  the  several  oloyey  horlaona 


The  highest  available  iv 


e storage  capacity  ii 


Ridge,  where  the  soil  wos  high  in  clay  content  and  contained  a large 
amount  of  gravel  and  pebbles.  The  lowest  value  overall  was  2.S  cm. 
The  dominating  clay  minerals  were  hnndltes,  such  as  allophanea, 


All  pine  ridge  aoila  ere  acid  ond  the  pB  range  was  fairly  narrow 
(bstween  4.50  and  6.30  for  pH  in  water  suspension).  The  differences  be- 


auggesting 


primary 


soil,  rasginff  froo  70  to  fiOO  r 
likely  tbst  A1  is  the  prlbsry 
Bay  also  be  respoaslble  for  Ic 
spODsiblo  for  P fixation  la  tl 
Field  exporlvonts 

ssuill  oppllostloas  of  P ai 


5 ppm,  respectively, 

' bieh  soil  acidity  ani 
Botb  Al  and  Fo  may  I 


line  ridge  soils  of  low  fertility  respond  to 


ranged  between  0,5  n^/year/bn  la  t 
In  the  greenhouse  experiment 


Experimental  a 


soil,  growth  was  greatly  improved  w 
seedlings  show  great  tolerency  for 


I Ridge  to  22  m3  in  tl 


was  fertilised.  The  pi 
, induced  by  the  high 


generally  found  on  gifts  m 


ir  deficiency  1 


Interactions  were  observed  b< 

I,  while  P increased  their  uptake  excessively, 
apparently  affected  by  applications  of  R,  but  i 


« aycoiThlsol  fungi  could  probably  r< 


OptlBun  Growth  Condition!  f. 


Judged  froB  boigbt,  diobotor  and  voluioe  growth  In  InorOfoont  plotg 
0 cliuote  and  natural  soil  conditions  in  the  Broken  Pine  Bldge  appear 

rainfall  of  approximately  2,000  mm  with 
It  has  n drought  period  of  no  longer 

00  mm,  The  annual  water  surplus  is  approximately  600  mm.  A 
higher  surplus  may  be  harmful  beeausc  of  Increased  nutrient 
leaohing,  soil  erosion  or  poor  aeration.  The  temperoture  Is 


2.  The  species  grows  well  on  soils  that  have  good  internal  and 
external  drainage.  Good  growth  was  observed  in  soils  with  a 

3.  Available  water  storage  copacity  ia  the  top  60  cm  of  soil  was 


The  pg  in  the  surface  and  subaoll  ranged  from  4.3  to  5.7. 

I.  The  Quality  and  Quantity  of  humus  le  very  Important,  os  it  i 
ently  offecta  phyaioal  and  ohemlonl  eoll  properties,  such  ai 
water-holding  oapooity,  degree  of  leaching,  CEC,  and  ie  the 
principal  sourae  of  available  nutrlenta  in  the  surface  soil 
Therefore  management  practicos  should  be  directed  towards  tl 
production  of  o mull  type  of  humus,  dorlvod  from  a mixture 


B.  Ammonium  ncatote  extractable  Hr  rancea  boteoon  2-4  and  92.0  ppm 
and  woe  munb  lower  tban  the  average  values  found  by  Hsrdy  ot  al. 
(1935)  for  ogrloulturel  soils  odjocent  to  the  pine  ridges  in 
British  Honduras- 

9,  Ammonium  acetate  extractable  Fe  and  Al  was  generally  not  higher 
than  17  and  250  ppm,  rospeotlvely.  Higher  values  aignifioantly 
lover  soil  pH  ond  availability  of  P. 

10.  High  CEO  is  evidently  not  necessary  for  good  tree  growth.  Values 
of  around  5 moq/100  g are  adequate,  if  the  soil  has  a high  degree 


Trial  plantations  of  P.  oarlbaoa  wore  laid  out  in  Sobah,  a territory 
of  Uolayslan  Kalimantan  in  1959.  They  are  located  in  the  Slbugo  Forest 
Heserve,  on  alluvial  soil  overlying  gravel,  with  a rainfall  as  high  as 
3,150  mm  and  no  onnunl  voter  defloit.  The  data  from  this  study  of 
eondliions  in  British  Honduros,  would  lend  one  to  oonelude  that  this 
climate  was  not  optimum,  as  indlostod  hy  Lamb  (196S).  He  suggosted  the 
speoiee  should  bo  tested  in  on  area  with  lese  rainfall.  Monethaless, 
ha  believed  thet  P.  caribaeg  most  llholy  would  grow  under  Babob  lowland 
flondltlons.  The  trees  ottslned  a height  of  13  m within  5 yeore.  The 
Honduras  vsrlaty  seemed  to  be  better  odaptsble  to  poor  soils  than  the 


The  overall  characteristic  icsturcs  of  the  clinctes  of  KaliBantos 
arc  a heavy  rainfall,  a uniformly  high  temperature  and  high  humidity 
(Table  45).  But  mithin  the  island  arc  nreos  with  a climate  approaching 

Soils  in  the  holinantan  lowlands  (below  200  m altitude)  generally 
show  a cloee  relationship  with  topography.  The  following  topographic' 

Estuarine,  (e)  Peat,  Cd)  Riverine,  and  (e)  Dissected  Terrace  aseoelatlon. 

quontly  waterlogged,  at  this  tine  they  should  not  be  considered  for  pine 
plantotion. 

The  Riverine  sssociation  la  nothing  but  River  Alluvial  soil 
(Entlsols).  Soils  of  this  typo,  located  in  hilly  areas  are  mostly  well 
drained  because  of  sandy  temture  and  fertile  because  of  regular  replen- 
ishment by  floods.  This  area  is  possibly  suitable  for  P.  carlbaea  in 
view  of  good  growth  of  this  species  observed  on  well  drained  creek  banks 

The  Dissected  Terrace  association  are  of  two  types,  namely  coastal 
and  riverine.  The  coastal  terraces  were  classified  as  Humus  Podsols 
(Wood  and  Beckett  1261),  which  according  to  descriptions  is  possibly 

pan  is  alwoys  found  below  1.20  m and  internal  drainage  is  good.  It 


Ridge.  Although  growth  conditions  are  llkoly  not  optimum,  they  should 
bo  considered  as  satisfactory  for  cultivation  of  P.  carlbaea  for  pulp- 


The  riverine  torrcoes  are  usually  less  poctsollaed  than  coastol 

They  are  covered  by  Lowland  Dipierocarp  Forests  aud  the  soils  are  clas- 
sified as  hed-Yellov  Latoaol  (Wood  and  Beckett  1961}  or  Oxisols.  They 
have  sofflowbat  the  sane  morphological,  physical  and  chemical  properties 
as  the  Broken  Fiae  Ridge  aud,  therefore,  they  probably  represent  the 

vicinity  of  Martapura,  locotod  in  the  Ulu  Sungai  county  (Llem  1964). 

tored  stands  in  the  Peat  assooiatlon  nosrby.  The  area  is  swampy  and  the 
soil  consists  mainly  of  raw  peot  and  muck,  resting  on  impervious  clay, 
and  is  very  poor  in  chemical  constituents.  Any  apeoies  growing  under 
these  conditions  can  not  provide  n basis  for  a sound  paper  industry. 

Tho  Industry  needs  a simeable  area  of  trees  with  an  appreciable  growth 
rate.  Cultivation  of  P.  enrlbooo  ver,  hondurensi^  would  probobly  bo  an 
answer  to  tho  problem  of  pulpwood  supply  for  this  industry.  Tho  soils 
of  the  suitable  Tope  associatione  in  this  county  are  considered  by  Mohr 
(1944)  to  be  more  productive  than  the  rest  of  Kalimantan  because  rivers 
flowing  through  the  area  bring  more  fertile  alluvlnl  silt  than  in  the 
other  regions  of  Kollmantan.  The  ollmato  also  is  somewhat  drier  than  the 
rest  of  tho  islaad.  One  fourth  of  Kalimantan's  population  is  concentrated 


direct  iiluetratioa  of  sell  productivity. 

Tho  climate  of  the  Ulu  dungal  county,  as  represented  by  Amuntai 
is  very  similar  to  the  climate  of  tho  Broken  Pino  Ridge  as  indicated  by 
potential  avaporatlou,  precipitation,  actual  evaporation,  annual  water 


deficit  and  surplus  (Table  4S).  Therefore  one  would  conclude  from  this 
study  that  cllnate  and  sell  of  selected  topogrnphlo-eoll  assooiatlons 
within  the  niu  Suassl  county  are  probably  suitable  for  a successful 
cultivation  cl  P.  canbooa  var.  hondurensis  for  a basis  of  tbe  projected 


industry. 
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APPENDIX 


SHRUBIASD  WITH  PIKE 


« ftsseoblAgOB  ll 
by  plnBs.  Iliey 


I ’brobea  piQ«  rldee'. 


abundant  pnlma,  It  occurs  on  miscovite  gratilts  soils  near  Stsnn 
Crook.  Tbs  soil  hss  been  leached  ooneldorably  resulclnff  in  n loose 
sandy  topsoil  and  a very  compact  mottled  subsoil.  The  relief  Is 
flat  to  gently  sloping. 

16a  OAK— Pine  forest  with  yemerl,  crabboe,  black  and  white  aaya,  chunuk. 
polewood,  llorosul,  Dioranogtoris  fern  and  cutting  grass.  It  occurs 
on  quartmite  hills  and  terraces  in  the  2,850-9,750  mm  rainfall 
none,  and  on  some  shale  hills  under  slightly  higher  rainfall.  Occa- 
sionolly  it  is  found  at  over  650  m.  The  soils  hove  grey  sandy  top- 
soils and  dull  greyish-yellow,  mottled  orange  and  red,  compact  sub- 


16b  PINE Oak  forest  with  crabboe,  oak,  block  and  white  mays,  nylady  and 


I sand;  topsolla. 


cutting  grass,  ^is  type  ocou. 

Blddla  reaches  of  the  Belize  a' 

Bottled  stony  clay  subeoile  an 
PINB  FORBST  AND  ORCHARD  SAVANNA 

This  la  a very  open  type  of  broken  pine  ridge  found  oi 
part  of  the  Northern  plain. 

assemblago  is  peculiar  to  1 
the  liBo  has  been  largoly  leached,  and  to  one  or  tvo  areas  of  pale 
brown  olay.  On  the  latter  soil  the  type  of  vegetation  present  Bay 
bo  due  as  Bucb  to  extrOBC  of  Boieture  variability  as  low  fertility. 

This  is  quite  a widaapread  type  of  plant  cover  in  British  Rondurns. 

It  occurs  in  two  naln  looalltisa— the  uplands  of  the  'Kountaln  Pine  Ridge' 
and  the  lowlands  of  the  coastal  plain.  Much  of  the  savanna  and  orchard 
savanna  of  the  'Bountain  pine  ridge’  say  be  a fire-induced  foraation. 

The  natural  vegetation  Bay  well  have  been  a light  forest  with  oak. 
eiusin.  Leueolhoe.  as  well  as  Tanlrira  and  other  species  now  rarely  aet. 
The  aaln  species  of  oak  present  ere  guercu£  ol^vifoH^  hondurenal^ 
and  2.  sanltofella  but  there  seeB  to  be  at  least  si*  species  and  numer- 
ous hybrids. 

Ig  OAH — Plne-Florosul  forest.  This  also  includes  species  like  chuauk. 
Clusia  sp..  crabboo  and  sandpaper  tree.  Silver  piBeuto  palms  fre- 
quently occur  in  elumpe.  The  whole  asseahlage  may  bo  open,  or  Bay 
bo  grouped  in  clumps  with  open  grass  betwsea.  Nergusta  is  occa- 
sionally found,  but  Bsbogany  never.  Nben  protected  freo  fire  the 


t markedly  nettled  ai 


nad  sbrublead.  It  Is 
I Ridge ' . The  Clusia 

m,  slightly  nettled. 


developed  on  rolling 
rniatomalcnels  Stnndl.  occur  in  thin  aBsenhloge. 

OAK— Pino-Clusle  5££.  foreet.  nith  aSundaot  slleer  plnanto. 
roseobles  the  lent  oeeenSlage  except  that  it  is  usually  noi 

found  occupying  nuch  of  the  ’Kouatoin  Pin 
epeciea  is  goncrolly  Clusla  idasaoniano. 
to  hilly  elopes.  The  aolla  are  variable, 
grey  topsoil  overlying  a pale  reddtsh-bre 

SAVABSA  grass  with  eoattered  pine, 
and  crabboo.  Thla  assentlage  cov< 
uodulating  part  of  the  'Houatoin  I 
brounlsh*^ey  loeiny  coarse  sands, 
mottled  clay.  Pin 

protoctlon. 

Vhore  remnants  of 

eiavnurcnals.  E.  soeetnbtlls;  Panlcun  laxCT  and  P.  tusifora 
ganioulatun,  Setar^  tcoa^  S^.  genloulato;  Boorobolus  Indi 
Trachvoagon  nueustlfollus.  Sedges  are  mainly  Cjferua  epp. 


Btlll  extant,  the  botan 
Florosul  and 
present.  The  main  grasses 


.e  lowland  'pine  r 


Host  of  tho  soil  vartfitloQ  bslng  saslly  picked  out  by  vegetation 
differences,  despite  regulnr  nod  froduont  burning.  Ibe  ceaposition 
of  the  pasture  shews  rather  aore  variation  on  the  different  soils 

intricate  and  only  the  broadest  genaroUsotion  has  boon  attempted 
on  the  vegetation  map. 

GRASS  with  seattored  pines  and  pine  clumps.  Crobboe,  yaba  and 
oak  ore  oocaslonnl  trees  in  the  landscspe.  The  soile  are  sands 
resting  on  sandy  cloy  or  gravelly  sandy  cloy.  The  land  is  usually 
very  gently  sloping. 

SEDGES,  grasses  and  a few  isolated  islands  of  pine,  oak,  crabtoo, 
yoha,  Leucothee  sp,.  etc.  Each  island  of  forest  le  often  surrounded 
by  0 fringe  of  salt-wuter  pimento  palms.  Calabash  trees  25-35  n 
high  ore  commonly  dotted  about  on  the  plains.  The  soils  have  7-30  os 
of  fine,  sandy,  slightly  silty,  colluvium  over  a grey  mottled  sandy 

PAUSTTC  palm  cluons  with  grass  and  sedges  in  between.  This  land- 
scape has  no  pines,  and  oaks  and  crabboe  occur  only  as  small  islsnd 
clumps  aiarklng  out  the  bettai-drolnod  patches.  Calabash  ore  few 
and  scattered.  The  soils  are  dark,  often  slightly  peaty,  loamy 

hog-wallow  micro-relief  usually  obtains. 


APE^DIX 


ilorphftlQgiccil  Prcperties  cf  Ping  RiOK*  Soils 
Profile  I:  Puleiao  loaa;r  sand. 

Locotion:  Sovonne  Porest  Olvlsloii,  Mango  CrooK  Porost  Eesorve. 

DesoriptloB:  The  vegototlon  la  ccnposea  prloorlly  ol  sedges  end  grasses, 

s very  linited  number  of  bushy  species  ns  ooh,  crabboe,  yaha,  Loucothoe 
Bp.  P.  earlbaea  grows  sporadically  in  small  groups  that  are  very  widely 
scattered.  Tho  soil  is  derived  from  coastal  deposits.  Tbo  topography 
is  flat  and  occaaioually  concave  at  an  elevation  of  not  higher  than  S m. 
The  soil  is  subject  to  some  sheet  erosion  due  to  frequent  flooding, 
although  movement  of  water  over  the  surfsoo  Is  alow.  Internal  drainage 


than  20  cm.  The  area  could  be  clasalfied  as  "very 


Haw  Claasilioatloa;  Order  Ultlsols 


Suborder 


drained". 


Horimons: 


cn  Very  dark  gray  (7.S  Ylt  N 3/  ) loamy  send;  high  in 

stMoture  is  very  fine  crumb,  with  modarote  aggregation. 
Tho  coBslatenoe  is  nonstleky  when  wot,  and  loose  whan 
moist  or  dry. 


cm  — Brownish-yellow  (10 
strongly  acid  and  la  much 
surface  borlton.  It  has  a 
moderate  grade,  is  sticky 
moist  and  slightly  hard  wh 


^ Yellow  (10  YB  B/6)  clay,  with  abundant  reddish 

(massive),  very  stlohy  and  plastic  when  wet,  extremely 
firm  when  moist  and  very  hard  when  dry. 

Hooper  sampling  is  impossible  because  of  the  groundwater. 


hi  -- 


®12  -- 


lOBB  With  a very  atroag  acidity,  iina,  cninb,  etrong 
structure.  It  ia  uonstiaky  and  nonplaetic  when  wet, 
very  friable  when  woist  and  has  a soft  consistence  when 
dry. 

previous  borlson. 

1&-25  cm  — Light  yellowish-brown  C8-5  Y g.4>,aaady  clay.  It 
has  the  appearance  of  a strongly  leached  horicon.  Soil 
is  very  strongly  acid,  with  a blocky,  fine  to  medluin  and 
moderate  grade  struolure.  Ihe  consistence  is  slightly 
sticky  and  plastic  when  wet.  friable  when  moist  and  slightly 
hard  when  dry.  It  seems  to  be  weakly  cemented, 

2S-4S  cm  — Yellowish-brown  (10  YB  5/6>,olay  loam  and  is  very 

The  structure  is  medium  to  coarse,  subanguLar  bloeky  in 
a moderate  grade.  The  consistence  is  etloky  and  slightly 

are  weakly  cemented. 

45-88  cm  — Very  pale  hrowu  <10  YB  7/4). and  very  strongly  aold 

clay  loam.  The  structure  is  fine  to  coarse,  angular  blocky 
with  moderate  aggregation.  The  consistonee  la  vary  sticky 
and  plastic  when  wet,  extremely  firm  when  moist  sad  hard 
when  dry  aad  strongly  cemeated. 


Profile  V:  Pulatan  loan. 

Location:  Savanna  Forest  Siviaion,  Uango  Creek  Forest  Reserve. 

Description:  Soil  la  P.  carlbaea  plantation  planted  In  19S2,  6 m tall 
treea  anking  poor  growth.  There  are  many  openings  la  the  stand  and  the 
area  la  covered  with  grasses,  but  bushy  spooios  are  sparse.  Site  has  a 
aoroal  to  Hat  relief  at  10  n elevation  and  drainage  is  also  nodsrate. 

sew  Classlfloailon:  Order  iritlsola 

Suborder  Ddults 


0-g  mo  — very  dark  gray  <7.5  YR  S S/  ).very  strongly  odd 

structure.  It  has  a nonstioky.  nonplaatlo  consistence 
when  wet  and  Is  loose  whea  aolat  or  dry. 


s nonaticky  and  nonplastle.  i 


=st  - 


.0  YR  6/2),  very  strongly  acid 
.a  aodlua,  subangular  blocky. 
.ence  sticky,  plastic  when 
slightly  hard  when  dry,  showing 


30-45  cm  — Brownish-yellow  (10  YR  6/6), very  strongly  acid  clay, 
with  nedlum,  blocky,  moderate  structure.  It  la  slightly 
sticky,  slightly  plastic  when  wet,  firm  when  s»ist,  and 
slightly  hard  whan  dry  with  weak  eenantstlon.  Reddish 
nottllngs  are  present. 

45-65  cm  — Yellow  (10  YR  7/8),  strongly  acid  clay,  with  reddish 
mottling,  subangular  blocky  to  massive  structure.  The 
soil  was  very  sticky  and  plastic  when  wet,  firm  when  moist 


85-90  cm  — Very  pale  brown  (10  YR  7/4),  strongly  i 
strongly  mottlsd.  gtruoture  is  mnsaive  and  i 
is  very  sticky  and  plastic  when  wot,  very  Hi 
and  very  hard  whan  dry,  graded  to  Iddurated. 


internal  drfilna|;o. 

Xew  Clnealiicatioc:  Order  Ultisole 


Suborder 


Annul te 


Horldons: 


CD  — Very  dark  gray  (2.S  YR  H 3/  >,  very  high  In  organic 

turn  ie  fine  to  nedlua  crunb,  vitb  etrong  aggregates, 
nonaticky  and  nonplastle  when  wet,  very  friable  when 


N 5/  >,  strongly  ac: 
edius  granular  and  wi 


®lg 


*5-43  CD  — Light  gray  <10  YR  7/2),  very  strongly  acid,  glsyad, 
sandy  clay,  The  structure  ie  DOdiun  granular  and  weak. 
The  consistence  slightly  sticky  and  slightly  plastic  when 

strongly  cemented. 


7/3),  very  strongly  a< 
a a Dasslve  a"  * -*•— * 


Profile  VZI:  Cranodoro  eandy  cloy  loan, 

location:  Melinda  forest  Division,  Grants  Work  Forost  nosorvo, 

Deaoription:  Soil  under  well  developed  P.  oaribeea  plantation  of  1961, 
In  Broken  Pino  nidee  formation.  Parent  notorial  is  sondstone  and  shale. 
Belief  is  normal  at  60  a elevation.  The  soil  la  1.20  n doop.  Esternol 
draineso  is  nodnraie  and  intomol  drainage  Is  slow.  Itndorgrovth  is 
doninated  by  polewood  fXvloplal  and  maya  fMlconlo) . 

Mew  Classification:  Order  Oslsola 

Suborder  Orchox 


^ clay  loan,  having  a nediun  and  oourse  crumb  structure 

with  noderate  strong  aggregates.  The  consistence  is 
slightly  stloky,  nonplastic  when  wet,  friable  when  nolst 
and  soft  when  dry. 

A — lS-23  cm  — Dark  red  brown  (10  YB  9/4),  strongly  acid,  humus 

* sandy  loon,  with  very  fine  crumb  and  single  grain  struc- 

ture, The  consistence  is  nonsticky  and  oonplastio  when 

B — 23-40  cn  — Light  red  (10  B 6/6)  .strongly  acid  sandy  loon.  The 

^ structure  is  between  fine  granular  and  single  grain.  The 

soil  is  nonsticky  and  oonplaatlc  when  wet,  loose  when 

B — 40-66  cm  — Red  (10  B 48/6),  very  strongly  odd  clay.  The 
structure  is  massive  grain  and  the  consistence  sticky, 
plastic  when  vet  and  loose  when  moist  and  dry. 

B — 66-100  cm  --  Light  red  (10  B 6/B),  strongly  cemented  massive 


Siikgr&ii  aondy 


Location:  Uelloda  Forest  Dlvisioo,  Croats  Vork  Forest  Rflsorvo, 

Dosoription:  Hurrloon  blovo  plno  piontstlon  of  194€,  vitb  dense  undcr- 

ETovth.  Parent  iditorial  is  reslduol  sronite.  Tcrrola  Is  situoted  on 

s slight  surface  erosion.  Ihe  Internal  and  external  dralnsge  are  very 


Me*  Classification:  Order  Oxisols 

Suborder  Orthox 


a acid,  loaBy  sand. 


-yello*  C7.S  YK'  7/93,  aediua  sold  loony  s: 
very  coarse  gronulnr  to  single  grain  str: 


— 80-124  om  — Srovnish-yello*  <10YR  6/83,  strongly  sold  sandy 

loan  with  o fine  granular  weak  structure,  sonotines  single 


— 124+  cm  — Heddieh-yollow  (7,5  YB  6/63,  strongly  acid  sandy 

aggregation,  almost  nnsslva.  The  oonsistence  is  sticky 
and  plastic  when  wet,  very  firm  when  moist  and  hard  when 
dry,  grading  to  Indurated. 


Sllkffrosfi 


13-30  CB  — Oraylsh-brown  CIO  YR  S/2),  strongly  aclB  sandy  losm 
sticky,  nonplsstlc  whso  wei.  Loose  whoo  noist  and  dry. 

3Q-S2  e&  " Pale  yollow  (2.S  Y 8/4),  strongly  sold  and  heavily 
leached  sandy  loom,  having  a granular  struoture  with 
modorate  aggregation.  The  consisteoce  Is  noneticky, 
nonplsstlc  when  wet,  loose  when  moist  and  dry. 

52-87  cm  — Very  pale  brown  CIO  YR  7/4),  strongly  acid,  mottled 

The  soil  Is  sticky,  end  plastic  when  wet,  firm  whan  moist, 
bard  when  dry  and  weakly  cemented. 

87-83  cm  ~ Brownish-yellow  (10  YB  6/6),  very  strongly  acid, 

massive  red  mottled  clay.  The  oonsistenca  is  sticky  and 
plastic  when  wet,  extremely  firm  whoa  moist  and  very  hard 
when  dry,  grading  to  indurated. 


Profile  X;  Sirin  loony  sand. 

Locotlon:  Xollnda  Forest  division,  Uelinds  Forest  Heeerve. 

Is  granite.  Terrain  bos  0 gentle  slope  and  elevated  20  a obove  sea 
level.  The  soil  Is  deep,  Fehhles  sparsely  present  In  6 Horiaon. 


Vev  Classification:  Order  :^lsols 


a nonstlcky,  nonplastic  when 


13-20  cm  — Light  brownlsh-grny  (10  YR  6/2),  very  strongly  acid, 
heavily  leached  loamy  sand  with  fine  single  grain  stnic- 
ture.  Soil  is  nonstlcky  and  nonplastic  when  vet  end  loose 


20-45  cn  — Thite  (2.6  Y 8/2),  very  strongly 
sand  having  single  grain  structure.  Hi 
is  nonstlcky,  nonplastic  when  wet  and  1 


leached  loamy 


— 45-75  cm  — Pels  yellow  (2.5  Y 8/1),  very  strongly  acid,  leached 

ence  Is  nonstlcky  and  nonplastic  when  vet  and  loose  when 


— 75-85  on  — Yellow  (10  YB  7/8),  strongly  acid  sandy  loan.  Its 
Is  stioky  and  slightly  plastic  when  vet,  fira  when  aoist 


Horizons: 

Si  -- 


on  — Black  (2-fi  YR  N 2/  ),  very  atrotigly  aciil  loany  aanti 
with  raw  humus.  The  structure  is  alngle  grain  and  the 
consistence  nonstlcky,  nonplastio  snd  loose, 
cm  — Dark  brown  (7.S  YR  d/4>  .strongly  acid,  hunua,  sandy 

The"conBlstenoo  Is  slightly  sticky  and  nonplastio  when 
wet,  loose  when  moist  and  dry. 

, cn  --  Brown  C7.S  YB  8/4), strongly  sold,  hunlo  loamy  sand. 
It  has  a granular  weak  structure,  The  consistence  Is 
alightly  sticky,  nonplestic  when  wet,  very  loose  when 


n la  slightly  sticky  and 


cm  — Yellow  (10  YB  7/8),  slightly  acid  loamy  sand,  having 
a medium  crumb,  weak  structure.  The  consistence  ie 
slightly  sticky  and  nonplastlc  when  wet.  loose  when  moist 


Proflla  XII;  Bacloplna  loamy  sand. 

Location:  Uclinao  Foroat  Division,  Melinda  Forest  Reservo. 

Description:  Soil  under  rejularly  burnt  natural  P.  caribaea  stand  with 

undorsTOWth  of  airin,  crnbboo  and  yaba.  Parent  material  la  eolluviun. 
The  rollcf  is  subnormal,  flat  topography  at  10  m elevation.  The  soil  is 
very  shallow  and  has  a stagnant  internal  end  estemal  drainage. 

Kew  CloBslllcutlon:  Order Satisols 

Suborder  Aouents 


CO  — Very  dark  gray  <10  YB  3/1), very  strongly  acid  loamy 
the  oonsistence  is  nonaticky,  nooplaatic  when  wet  and 


lS-30  cm  - Vhite  <10  YR  6/2),  strongly  acid,  leached  sandy  loam. 

It  has  a aiedium  granular,  weak  structure.  The  consistence 
is  sticky  and  slightly  plastic  when  wet,  firm  when  moist 


cm  — White  <2.5  V 8/2),  slightly  acid,  leached  sandy 

is  slightly  sticky  and  plastic  when  wet,  ilm  when  moist, 
hard  when  dry  with  strong  cemontation. 

Deeper  sampling  is  impossible  because  of  high  groundwater. 


£ fltoad,  which  la  frequently 


Looctloc:  Uountaln  Pine  Rid^o  (north  o] 

Dcacriptlon:  Soil  under  notural  P,  ear! 

poet  at  500  B elevation.  The  aoil  la  very  deep  and 


appeored  ti 
gully  eroaion.  The  aoil  la 

moderate  internal  drainage. 


eh  in  pebblea  ai 


Order Ultlaola 


A — o-g  cm  — Light  grny  (2.S  Y 7/2),extrOBely  acid  gravelly  eley 
^ which  la  aubject  to  leaching.  It  haa  a coarse,  aubangular, 

blocky.  weak  atructuro.  The  conalstence  is  plastic  whan 
wet,  firm  when  moist  and  hard  when  dry  with  strong  oemen- 


— 23-47  cm  — Beddlah-yellow  (7.5  YB  7/6),  very  strongly  acid  clay 

and  plastic  when  wot,  ewtremely  firm  when  moist  and  ex- 
tremely hard  when  dry,  grading  to  indurated. 

— 47-02  cm  — Red  (10  R 4/6-6/0),  very  strongly  acid  clay  loan, 

plastic  when  wet,  extremely  firm  when  uolst  and  extremely 
bard  when  dry,  grading  to  Indurated. 

C — 02*  on  — Parent  material. 


ProfilB  XIV:  ToK  loomy  sand, 

location:  SortMrn  Pine  Rldgo  (about  S km  east  ol  ferry  landing  stage 

Description:  Soil  under  a vogotatloo  cemposed  of  savanna  grass,  sparse 

P.  caribaea  io  clumps,  chaporro  (Curgtolla  americana).  sakate  (Sclaria 
bractenta),  suk  (Dnlbergia  glabra),  crabboe  (Byrsonlmo  orasslfelia). 

Leu cocoa  oelvarulentn.  The  parent  material  is  coastal  deposit  and 
Blllolous  Umestoae.  The  relief  Is  flat  at  10  ■ elevation-  The  soil 
is  moderately  deep.  External  drainage  is  slow,  but  internal  drainage 


w Classification: 


Eoriaons: 


cm  — Dork  groy  (2.S  Y X 4/  ) , strongly  acid,  loamy  sand 
with  much  humus.  Soil  has  a single  grain  structure, 

cm  — Gray  (10  YR  E/l),  slightly  acid,  leached  sand  »lth 
single  grain  structure. 

cm  — Light  gray  (6  Y 7/2) , very  strongly  acid.  Inched 
aggrtgatlon.  The  consistence  la  nonstlcky,  nonplnstic^ 


— 30t  cm  — Pale  yelloe  (5  V 7/3),  extremely  acid,  leached 

sandy  clay  loam.  The  etructuro  is  medium  granular  end 
weak.  The  conslatence  is  sticky,  plastic  ehen  wot,  fit 
when  moist,  and  herd  when  dry  with  strong  cementation. 
A reddish  mottling  is  present. 


APPEMBIX 


from  Luckhoff 


Aw!  Troplwl  aavantu  cllnates  with  a dlatlact  winter  dry  aea 
Savanna  climates  are  characterissert  by  a marked  seasonal 
ralniall  rhythm  and  at  leaat  one  month  must  have  less  tl 


Aw":  Similar  to  Aw  hut  with  two  diatlnet  rainfall  maxima  aepa- 


such  a high  total  rainfall  that  the  ground  remains  auffl- 
clently  wet  throughout  the  year  to  support  tropical  rain 


temperature  range  between  the  warmest  and  coldest  months 


C Climates 

Worm  temperate  rainy  oUmatea  with  the  average  temperature  of  the 
coldest  month  below  IS  C hut  above  -3  0,  and  the  average  temperature  of 
the  wnrmeet  month  above  10  O.  Wlthlo  this  climatic  group  there  are 
three  distinct,  contrasting  ralafall  regimes,  namely  the  f type  with  no 


during  the  driest  month.  The  difference  la  precipitation 


In  low  latltudos  tblB  cliaatlo  type  is  founfl  in  areas 
vhero  altitude  nos  reduced  the  tenporature  ol  the  Aw 
xllBate  which  prevails  in  the  adjacent  lowlands. 
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